REPORT  OF  *.  *  .  *  •'•*.*•*•*•"•'•*•■•"•*•"  •  "  •  "  •  *  •  "  •  *  •  *  »'-  * 

THE  CORNEAL  DISEASES  PANEL  WW.  "  .  -  .  WwTvoV'a* I n*o* 


vision  ^:-:-:-:-:-:-:-:-:-:-:-:-:->;':^v:n?? 


.  ,  /vwWiViV 


P-OLCO 


M.C.MIGEL  MEMORIAL  LIBRARY 
American  Foundation  for  the  Blind 

15  West  16th  Street,  New  York,  New  York 
10011 


REPORT  OF  THE 

CORNEAL  DISEASES  PANEL  Volume  Two/Part  Two 


vision  t 


U.S.  DEPARTMENT  OF  HEALTH 
AND  HUMAN  SERVICES 
Public  Health  Service 
National  Institute  of  Health 


NIH  Publication  No.  84-2472 


A  NATIONAL  PLAN  19831987 


Mm? 

mi 


PREFACE 


THIS  IS  THE  Report  of  the  Corneal  Diseases  Panel, 
which  is  Part  Two  of  Volume  Two,  Reports  of  the 
Program  Panels,  of  the  multivolume  report  of  the 
National  Advisory  Eye  Council  entitled,  Vision 
Research— A  National  Plan:  1983-1987. 

The  complete  National  Plan  presents  a  compre- 
hensive and  detailed  assessment  of  the  current  NEI 
program  as  well  as  specific  recommendations  for 
program  development  over  the  next  five  years. 
These  include  program  priorities  and  projections  of 
resource  requirements  for  each  major  area  of  vision 
research  that  the  NEI  supports.  Readers  desiring 
additional  information  should  consult  the  following 
volumes: 


Executive  Summary  (Overview  of  the  entire  Plan). 

Volume  One — The  1983  Report  of  the  National 
Advisory  Eye  Council  (Background,  Summary 
Panel  Reports  and  Resource  Requirements,  Im- 
plementation Strategy,  Cross-Cutting  Research 
Areas  and  Issues,  Planning  Participants,  Planning 
Strategy  and  Process). 

Volume  Two — Reports  of  the  Program  Panels 
Part  One — Report  of  the  Retinal  and  Choroidal 

Diseases  Panel 
Part  Two — Report  of  the  Corneal  Diseases  Panel 
Part  Three — Report  of  the  Cataract  Panel 
Part  Four — Report  of  the  Glaucoma  Panel 
Part  Five — Report  of  the  Strabismus.  Amblyopia. 

and  Visual  Processing  Panel 
Part  Six — Report  of  the  Panel  on  Visual  Impair- 
ment and  Its  Rehabilitation. 

Volume  Three — Support  for  Vision  Research  (Data 
on  vision  research  projects  supported  by  the  NEI 
in  FY  1981  and  by  other  government  and  private 
organizations  in  FY  1980). 
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SUMMARY 


INTRODUCTION 


people  annually,  and  many  more  remain  on  waiting 
lists  because  donor  tissue  is  unavailable. 

Although  corneal  disease  produces  about  6  per- 
cent of  all  legal  blindness  in  the  United  States,  it  is 
the  primary  cause  of  bilateral  blindness  in  the  rest  of 
the  world. 


THE  CORNEA  IS  the  clear,  transparent  structure 
at  the  front  of  the  eye  which  through  its  convex 
surface  functions  as  a  powerful  lens.  Nearly  twice  as 
thick  at  its  periphery  as  at  its  center,  the  normal 
cornea  contains  no  blood  vessels;  it  is  nourished 
completely  by  the  fluids  that  bathe  it.  If  injured,  the 
outermost  layer  of  the  cornea,  the  epithelium,  is 
capable  of  regeneration  and  rapid  healing  without 
scarring.  However,  injury  to  the  deeper  corneal 
layers  often  produces  an  opacity. 

Corneal  injury  and  disease  often  cause  intense 
physical  discomfort,  sizable  expenditures  for  physi- 
cian care,  medication,  and  possibly  hospitalization, 
and  days  lost  from  work.  Of  greater  consequence, 
impaired  vision,  unilateral  loss  of  sight,  or  bilateral 
blindness  may  result  if  the  disorder  is  not  controlled 
promptly. 

A  large  portion  of  the  American  public  is  affected 
by  corneal  problems.  Every  year,  more  than  2 
million  cases  of  corneal  disorders  and  at  least  1.7 
million  injuries  to  the  cornea  are  recorded.  These 
constitute  62  percent  of  the  total  incidence  of  all 
acute  and  chronic  afflictions  of  the  eye,  accounting 
for  more  than  100,000  hospital  days  and  $12  million 
in  surgical  costs.  Aside  from  refractive  errors, 
corneal  problems  require  about  10  million  annual 
office  visits  or  one-third  of  all  visits  for  medical  and 
surgical  eye  treatment  and  consume  a  major  portion 
of  the  eye-care  dollar. 

Each  year  in  the  United  States,  100,000  or  more 
cases  of  corneal  opacification  and  edema  result  in 
decreased  vision  and  severe  pain  for  the  victims. 
Many  such  cases  are  candidates  for  corneal  trans- 
plantation, which  is  performed  on  15,000  to  20,000 


PROGRAM  STRUCTURE 

The  Corneal  Diseases  program  of  the  National  Eye 
Institute  is  divided  into  the  following  major  subpro- 
grams and  areas: 

1.  External  Ocular  Infections  and  Inflammatory  Disease 

a.  Herpes  Simplex 

b.  Herpes  Zoster 

c.  Adenovirus  and  Enterovirus 

d.  Bacterial  and  Fungal  Keratitis 

e.  Chlamydial  Keratoconjunctivitis 

f.  Chronic  Blepharitis 

2.  Ocular  Surface  Problems 

a.  Tear  Film  and  Its  Abnormalities 

b.  Ocular  Surface  Disorders 

c.  Drug  Delivery  and  Toxicity 

3.  Refractive  Problems  and  Contact  Lenses 

a.  Contact  Lenses 

b.  Modification  of  Refractive  Error 

4.  Corneal   Edema,    Endothelial    Dysfunction,   Dystro- 
phies, and  Inherited  Disease 

a.  Endothelial    Tissue    Culture,    Replacement,    and 
Repair 

b.  In   Vivo   Evaluation  of  Corneal   Epithelial   and 
Endothelial  Membrane  Function 

c.  In  Vivo  Morphologic  Evaluation — Specular  Mi- 
croscopy 

d.  Endothelial  and  Epithelial  Transport   Processes 
(Corneal  Hydration  and  Edema) 

e.  Stromal  Swelling  and  Transparency 

f.  Normal  Corneal  Development 

g.  Corneal    Dystrophies,    Inherited   Disorders,   and 
Developmental  Anomalies 

5.  Corneal  Transplantation  and  Stromal  Wound  Healing 

a.  Inflammation  and  Repair 

b.  Corneal  Transplantation 
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Vision  Research— A  National  Plan:  1983-1987 


Report  of  the  Corneal  Diseases  Panel 


External  Ocular  Infections  and  Inflammatory  Dis- 
ease. Herpes  simplex  virus  (HSV)  is  the  leading 
infectious  cause  of  corneal  blindness  and  visual 
impairment  in  the  United  States.  Acute  ocular 
herpes  infections  are  difficult  to  treat,  even  though  a 
number  of  effective  antiviral  drugs  are  now  availa- 
ble, because  following  the  initial  attack,  the  virus 
may  become  latent,  only  to  reactivate  periodically 
and  cause  the  disease  to  recur.  Up  to  500,000  new 
cases  of  ocular  herpes  infections  occur  annually,  of 
which  approximately  50  percent  recur.  Medical 
therapy  of  ocular  herpes  requires  frequent  visits  to 
physicians  over  periods  ranging  from  several  weeks 
to  several  months. 

The  eye  is  widely  considered  the  best  model  for 
herpes  research,  and  eye  researchers  have  been 
among  the  leaders  in  this  field,  developing  effective 
therapies  for  both  ocular  and  systemic  herpes 
infections.  Eye  researchers  developed  and  tested  the 
first  effective  antiviral  drug,  idoxuridine,  and  con- 
tinue to  play  a  major  role  in  developing  and  testing 
other  antiviral  agents,  including  the  newer  recombi- 
nant DNA-produced  interferons.  Another  important 
accomplishment  has  been  the  discovery  of  where 
the  latent  herpes  virus  resides  between  acute  ocular 
infections.  The  finding  of  latent  herpes  virus  in  the 
trigeminal  ganglion,  a  bundle  of  central  nerve  cells 
that  innervate  the  nerve  cells  of  the  eye,  face,  and 
head,  has  implications  for  research  on  recurrent 
herpes  infections  elsewhere  in  the  body  as  well. 
Because  most  ocular  infections,  whether  from  vir- 
uses, bacteria,  fungi,  or  other  agents,  can  lead  to 
severe  visual  complications  and  can  spread  to  other 
body  organs,  a  large  portion  of  the  NEI  Corneal 
Diseases  program  is  devoted  to  the  study  of  herpes 
simplex  and  other  ocular  infections  and  the  immune 
mechanisms  involved  in  the  body's  response  to 
them.  Neovascularization  studies  in  the  cornea 
should  be  valuable  to  researchers  and  clinicians  in 
studies  of  diabetic  retinopathy,  retinopathy  of  pre- 
maturity, and  rubeosis  iridis. 

An  evaluation  of  corneal  blindness  due  to  infec- 
tion shows  that  HSV  is  the  leading  cause.  In  the 
United  States  500,000  people  a  year  suffer  from 
HSV  infections.  Herpes  zoster  causes  7  percent  of 
all  skin  disease,  a  significant  percentage  of  which 
involves  the  eye.  Adenovirus  is  the  most  frequent 
cause  of  epidemic  ocular  disease.  Five  percent  of 
office  visits  for  eye  care,  excluding  refractive  error 
and  trauma,  are  for  treatment  of  bacterial  and  fungal 
keratitis.  Chlamydia  trachomatis,  the  agent  that 
causes  chlamydial  keratoconjunctivitis,  also  pro- 
duces trachoma,  the  leading  cause  of  blindness 
throughout  the  world.  It  affects  500  million  people 
and  leaves  6  million  sightless.  Chronic  blepharitis  is 
one  of  the  most  commonly  encountered  disorders  in 
ophthalmology. 


Ocular  Surface  Problems.  The  tear  film  on  the 
cornea's  surface  helps  protect  it  from  injury,  infec- 
tion, and  the  environment  and  also  serves  as  the 
major  element  in  light  refraction.  Changes  in  the 
ocular  surface  can  occur  with  aging,  and  dry  eyes 
often  result  when  the  lacrimal  glands  fail  to  produce 
adequate  amounts  of  tears  to  bathe  the  front  of  the 
eye.  This  can  lead  to  serious  irritation  and  eventual 
scarring  of  the  cornea  and  can  make  the  eye  more 
vulnerable  to  injury  and  infection  as  the  surface's 
protective  effects  are  diminished.  The  surface  of  the 
cornea  is  particularly  prone  to  foreign  body  injuries 
and  superficial  ocular  infections  which  are  responsi- 
ble for  many  visits  to  ophthalmologists'  offices  and 
hospital  emergency  rooms.  Furthermore,  many  sur- 
face defects,  such  as  those  caused  by  chemical 
burns,  heal  very  slowly. 

Data  on  the  incidence  and  cost  of  ocular  surface 
and  tear  film  disorders  are  not  precise,  but  are 
estimated  to  be  high.  Blindness  is  a  frequent  result  of 
ocular  surface  disease  and  bilateral  chemical  injury. 
The  high  costs  of  these  problems  are  due  to  medical 
and  surgical  care,  lost  income,  rehabilitation  train- 
ing, and  legal  fees  associated  with  liability  cases. 

Another  concern  of  this  subprogram  is  drug 
delivery  and  toxicity.  Because  many  forms  of  ocular 
therapy  must  be  applied  directly  to  the  eye  and 
penetrate  its  surface,  it  is  essential  to  determine  the 
optimal  means  of  drug  delivery  and  understand  how 
different  agents  interact  with  that  surface.  With  the 
introduction  of  many  new  ocular  drugs,  toxicity 
(especially  in  the  treatment  of  chronic  glaucoma) 
and  allergy  have  become  serious  therapeutic  prob- 
lems. 

Refractive  Problems  and  Contact  Lenses.  Nearly 
100  million  people  in  the  United  States  have 
refractive  errors — nearsightedness,  farsightedness, 
or  astigmatism — that  require  correction,  usually  by 
eyeglasses  or  contact  lenses.  Contact  lenses  are  also 
used  by  many  people  following  cataract  surgery,  by 
children  with  amblyopia  and  other  sensorimotor 
defects,  and  as  a  component  of  some  sight-enhanc- 
ing  aids   for   patients   with   low   vision   problems. 

Nine  million  visits  per  year  to  ophthalmologists 
for  refractive  errors  account  for  30  percent  of  all 
cases  seen  by  these  physicians.  Most  of  the  25 
million  annual  visits  to  optometrists  also  are  for 
correction  of  refractive  errors.  An  estimated  100 
million  people  spend  $1.8  million  annually  for 
eyeglasses  or  contact  lenses.  Twelve  to  15  million 
wear  contact  lenses;  including  7  million  with  exces- 
sively high  or  irregular  refractive  errors,  which  are 
inherited  or  result  from  surgery,  disease,  absence  of 
the  lens  (aphakia),  or  corneal  transplantation  (kera- 
toplasty). Following  cataract  extraction,  over 
600,000  people  a  year  must  have  special  corrective 
lenses.  Certain  corneal  diseases  also  require  wearing 
a  contact  lens  for  functional  vision. 


Summary 


Over  the  last  25  years,  techniques  have  been 
introduced  for  correcting  refractive  errors  surgical- 
ly by  changing  the  curvature  of  the  cornea.  This 
field  is  expected  to  develop  rapidly  over  the  next 
few  years.  One  of  the  most  widely  publicized  of 
these  operations  is  radial  keratotomy,  in  which  a 
series  of  linear  incisions  is  made  on  the  corneal 
surface  in  a  pattern  similar  to  spokes  on  a  wheel. 
These  cuts  weaken  the  corneal  tissue  so  that  internal 
eye  pressure  makes  the  edge  of  the  cornea  bulge 
slightly,  flattening  the  central  part  and  thereby 
improving  the  focus  of  the  visual  image  onto  the 
retina.  Other  surgical  methods  to  change  refraction 
include  grafting,  as  in  epikeratophakia  in  which 
specially  shaped  donor  corneal  tissue  is  grafted  onto 
the  front  of  the  patient's  eye,  and  keratomileusis  in 
which  a  thin  section  of  corneal  tissue  is  removed 
from  the  patient's  own  eye,  precisely  reshaped  to  a 
form  that  will  improve  the  eye's  focusing  ability, 
and  then  replaced.  The  long-term  safety  and  effica- 
cy of  these  procedures  are  still  under  investigation. 
Important  advances  have  also  been  made  in  the 
nonsurgical  treatment  of  refractive  errors,  particu- 
larly in  the  development  of  gas  permeable  and 
extended-wear  contact  lenses,  constructed  from  new 
biopolymers. 

Corneal  Edema,  Endothelial  Dysfunction,  Dystro- 
phies, and  Inherited  Disease.  This  subprogram  en- 
compasses basic  research  on  normal  and  abnormal 
corneal  development,  structure,  and  function.  Inves- 
tigation of  normal  corneal  structure  includes  studies 
of  how  the  cornea  is  nourished  and  kept  transpar- 
ent. The  cornea  is  divided  into  three  cellular  layers, 
each  of  which  plays  a  role  in  keeping  it  transparent: 
the  outer  multicellular  epithelial  layer,  the  middle 
stromal  layer,  and  the  inner  endothelial  single  cell 
layer.  The  stroma  must  be  maintained  at  a  specific 
level  of  hydration  if  it  is  to  remain  transparent.  The 
NEI  funds  research  aimed  at  understanding  normal 
stromal  function  and  hydration  and  the  changes  in 
this  layer  that  occur  in  disease.  Herpes  infections, 
for  example,  frequently  produce  irreversible  struc- 
tural changes  in  the  stroma  which  result  in  corneal 
scarring  that  may  lead  to  blindness. 

Increased  knowledge  of  the  mechanisms  which 
control  the  turnover  of  the  large  molecules  that 
make  up  the  cornea  will  help  in  understanding  and 
improving  corneal  wound  healing  and  improve  the 
ability  to  culture  and  transplant  corneal  cells  and 
tissues.  Although  the  incidence  of  corneal  dystro- 
phies and  inherited  disorders  is  not  very  high,  they 
do  cause  severe  visual  disability,  discomfort,  and 
inconvenience  to  affected  patients,  and  require  long- 
term  medical  care. 

Corneal    Transplantation     and    Wound     Healing. 

Many  people  who  a  generation  ago  would  have 
been  permanently  blinded  by  corneal  injury  or 
infection,  inherited  corneal  disease,  or  corneal  de- 


generation can  now  often  have  their  sight  restored 
through  corneal  transplantation,  an  operation  per- 
formed on  approximately  15,000  to  20,000  eyes 
annually  in  the  U.S.  alone.  This  is  one  of  the  oldest 
and  most  successful  tissue  transplant  procedures, 
dating  from  the  1940s  and  continuously  improved 
since  that  time.  However,  it  is  only  during  the  last 
decade  that  complication  rates  in  corneal  transplan- 
tation have  been  greatly  reduced  due  to  increased 
knowledge  of  normal  corneal  development  and 
function,  improved  understanding  of  the  basic  im- 
munological processes  underlying  graft  rejection, 
development  of  better  operative  techniques,  use  of 
finer  sutures,  and  the  development  of  better  meth- 
ods of  tissue  handling  and  preservation.  The  success 
rate  for  corneal  transplantation  in  such  noninflam- 
matory conditions  as  keratoconus  and  corneal 
edema  is  now  80  to  95  percent. 

Some  important  new  instruments  and  techniques 
hold  great  promise  for  the  future  of  corneal  diseases 
research.  One  of  these,  the  specular  microscope, 
permits  evaluation  in  the  intact  eye  of  the  corneal 
endothelium.  Specular  microscopy  is  also  used  to 
evaluate  the  effect  of  intraocular  surgical  techniques 
on  the  endothelium.  Such  studies  are  important 
because  this  cell  layer  is  vital  in  maintaining  corneal 
clarity  and  in  humans  it  does  not  readily  regenerate 
following  damage.  Also,  the  study  of  corneal 
damage  and  repair  will  contribute  to  the  under- 
standing of  wound  healing  in  other  parts  of  the  eye 
and  in  cataract  surgery. 

If  the  endothelium  is  damaged,  transplantation  of 
the  whole  cornea  is  now  required.  However,  a 
promising  new  experimental  technique  has  been 
developed  that  involves  growing  in  tissue  culture 
endothelial  cells  that  line  the  inner  walls  of  blood 
vessels.  Because  these  cells  appear  to  be  quite 
similar  to  those  of  the  corneal  endothelium,  they 
have  been  transplanted  in  eyes  that  might  normally 
require  a  whole  cornea  to  be  grafted.  In  theory,  this 
technique  would  make  it  feasible  to  remove  a  small 
piece  of  vein  from  the  leg  of  patients  requiring  a 
corneal  transplant,  grow  the  endothelial  cells  from 
the  vein  in  tissue  culture,  and  then,  two  to  three 
weeks  later,  transplant  these  cells  from  the  patient's 
own  vein  onto  the  back  of  his  or  her  cornea. 
Because  the  donor  and  the  recipient  can  be  the  same 
individual,  this  strategy  would  eliminate  the  prob- 
lem of  tissue  rejection.  To  date  this  technique  has 
been  performed  only  in  animals,  and  many  questions 
remain  to  be  answered  before  it  can  be  applied  to 
humans. 
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ORGANIZATION  OF  THE 
PLAN 

Each  section  of  each  chapter  in  this  report  begins 
with  an  introduction  that  highlights  the  importance 
of  the  research  field  or  disorder  it  addresses.  This  is 
followed  by  a  list  of  area  objectives,  an  overview  of 
current  research  support,  a  review  of  recent  re- 
search accomplishments,  and  a  discussion  of  current 
research  needs  and  opportunities.  This  analysis 
culminates  in  a  list  of  the  Panel's  recommendations 
for  the  Program  Base  and  for  Program  Develop- 
ment Priorities  within  the  area. 

The  Program  Base  includes  areas  of  ongoing 
research  where  the  current  level  of  activity  is 
considered  adequate,  or  areas  of  ongoing  research  in 
which  there  may  be  great  need  for  additional 
activity,  but  where,  in  the  Panel's  judgment,  little  or 
no  opportunity  (new  methods  or  insights)  exists  at 
present  to  justify  a  significant  expansion  of  effort. 
Nonetheless,  additional  applications  for  research 
grants  in  these  areas  may  be  funded  if  they  are 
innovative  and  of  very  high  quality  as  determined 
by  the  NIH  peer  review  system. 

Program  Development  Priorities  include  areas  of 
ongoing  research  in  which  new  knowledge  and 
techniques  offer  particular  opportunities  for  scientif- 
ic progress,  or  promising  new  areas  of  research  in 
which  there  is  little  or  no  support  at  present  but 
where  there  is  both  great  need  and  high  potential 
for  success.  Such  areas  are  judged  to  warrant 
significantly  increased  support  over  the  next  five 
years,  provided  that  high  quality  applications  for 
research    grants    in    these    areas    are    forthcoming. 

Each  section  concludes  with  a  table  that  shows 
the  number  and  dollar  amount  of  research  grants 
supported  in  each  of  these  areas  in  FY  1981  and  the 
number  and  estimated  costs  of  projects  the  Panel 
recommends  for  funding  by  FY  1983.  For  a  detailed 
discussion  of  the  planning  process  used  to  develop 
these  recommendations  see  Volume  One,  The  1983 
Report  of  the  National  Advisory  Eye  Council. 


PROGRAM  GOALS 


To  improve  means  of  preventing  and  treating 
ocular  infections,  particularly  recurrent  herpes 
virus  infection. 

To  develop  more  effective  antiviral  drugs  and 
new  techniques  for  drug  delivery  and  determine 
drug  effects  on  the  ocular  surface. 

To  define  the  effects  of  corneal  inflammation  and 
develop  methods  for  its  control. 


To  understand  the  composition  of  the  normal 
tear  film  in  relation  to  the  ocular  surface  and 
changes  that  occur  in  disease  and  aging,  includ- 
ing immunological  mechanisms. 

To  understand  healing  and  regeneration  of  the 
ocular  surface  epithelium  in  relation  to  its  under- 
lying basement  membrane. 

To  develop  better  methods  of  evaluating,  diag- 
nosing, and  treating  patients  with  dry  eye  and 
tear  film  abnormalities. 

To  develop  and  test  new  procedures  for  modify- 
ing corneal  refraction. 

To  understand  the  swelling  properties  of  the 
corneal  stroma  and  the  factors  governing  corneal 
transparency. 

To  understand  normal  corneal  cell  growth,  me- 
tabolism, replacement,  and  repair  and  the  patho- 
genesis of  corneal  developmental  anomalies,  dys- 
trophies, and  other  inherited  abnormalities,  and 
find  more  effective  means  of  treating  these 
conditions. 

To  determine  the  biological  and  biochemical 
bases  of  tissue  destruction  and  scarring  in  the 
cornea  and  sclera. 

To  improve  the  success  rate  of  corneal  transplan- 
tation and  develop  alternatives  to  whole  cornea 
grafts  from  donor  eyes. 


OVERVIEW  OF  CURRENT 
RESEARCH  SUPPORT 

In  FY  1981,  the  National  Eye  Institute  supported 
162  projects  at  a  total  cost  of  $15,849,000  in  the 
Corneal  Diseases  program.  In  addition  to  funding 
from  the  NEI,  corneal  research  received  support 
from  other  components  of  the  National  Institutes  of 
Health  including  the  National  Institute  on  Aging 
(research  in  keratin  sulfates  and  aging  of  cartilage 
and  cornea),  the  National  Institute  of  Allergy  and 
Infectious  Diseases  (neonatal  chlamydial  in- 
fection— incidence  and  treatment,  immunologic 
mechanisms  in  respiratory  disease  and  systemic 
lupus  erythematosus),  the  National  Institute  of 
Arthritis,  Diabetes,  and  Digestive  and  Kidney  Dis- 
eases (active  transport  in  epithelia),  the  National 
Cancer  Institute  (radiation  response  of  microvascu- 
lar growth),  the  National  Institute  of  Child  Health 
and  Human  Development  (role  of  extracellular 
matrix  in  morphogenesis),  the  National  Institute  of 
Dental  Research  (Sjogren's  syndrome),  the  National 
Institute  of  General  Medical  Sciences  (chloride 
transport    and    osmoregulation),    and    the    Fogarty 
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International  Center  (ecology  of  trachoma  and 
other  eye  infections,  and  irritative  response  in  the 
rabbit  eye).  Support  for  research  both  directly  and 
indirectly  related  to  Corneal  Diseases  was  also 
provided  by  other  Federal  organizations  including 
the  National  Institute  for  Occupational  Safety  and 
Health  (fracture  resistance  of  ophthalmic  lens/frame 
systems),  U.S.  Department  of  Agriculture  (investi- 
gations of  pinkeye  of  cattle),  U.S.  Department  of 
Defense-Air  Force  (contact  lenses  and  keratocon- 
us),  U.S.  Department  of  Defense-Army  (computer 
controlled  ophthalmic  refraction),  U.S.  Department 
of  Defense-Navy  (feasibility  of  increased  utilization 
of  astigmatic  periscope  operators),  U.S.  Veterans 
Administration  (humoral  and  cellular  immunity  to 
certain  antigens  in  systemic  lupus  erythematosus, 
and  specular  microscopy  of  human  corneal  endothe- 
lium). 

Significant  funding  is  also  provided  by  private 
national  philanthropic  organizations  including  re- 
search supported  by  the  American  Cancer  Society 
(immunology  of  herpes  virus  infections),  the  Retini- 
tis Pigmentosa  Foundation,  Inc.  (ocular  immunity 
and  immunopathology  and  epithelial  defects  and 
stromal  ulcers  of  the  cornea),  Fight  for  Sight,  Inc. 
(study  of  new  antiviral  drugs  in  ocular  and  latent 
herpetic  infections,  and  experimental  xerophthalmia 
and  keratomalacia  in  vitamin  A  deficiency),  and  the 
National  Society  to  Prevent  Blindness,  Inc.  (in  vivo 
regenerative  potential  of  epidermal  growth  factor 
on  corneal  endothelium  of  owl  monkeys,  and 
modulation  of  mast  cell-histamine  mediatory 
system). 


RECENT 
ACCOMPLISHMENTS 

External  Ocular  Infections  and 
Inflammatory  Disease 

■  Following  the  successful  introduction  of  idoxuri- 
dine  for  the  therapy  of  ocular  herpes  in  1962, 
vidarabine  (adenine  arabinoside),  trifluorothymi- 
dine,  and  acyclovir  have  been  used  effectively  in 
treating  this  disease.  In  studies  of  the  immune 
response,  using  animal  models  and  human  corneal 
transplant  specimens,  intact  virus  has  been  found 
only  occasionally.  Other  studies  have  shown  that 
the  persistence  of  incomplete  viral  antigens  and 
the  viral  alteration  of  cell  membranes  in  the 
corneal  stroma  seem  to  involve  various  compo- 
nents of  the  immune  system.  Although  these 
mechanisms  produce  a  variety  of  destructive 
corneal  conditions,  they  rid  the  cornea  of  viral 
antigens,  a  capability  of  considerable  clinical 
significance. 


Host  factors,  particularly  the  hereditary  HLA 
type,  are  being  studied  in  attempts  to  identify  the 
high-risk  patient  and  determine  his  or  her  prog- 
nosis, and  possibly  to  institute  preventive  treat- 
ment. 

Efforts  to  explain  the  chronic  pattern  of  herpes 
disease  have  identified  latent  herpetic  reservoirs 
in  deep-seated  neuronal  tissues  as  the  source  of 
recurrent  viral  infections.  This  knowledge  may 
hold    the    key    to   breaking    the   latency    cycle. 

The  discovery  that  some  herpes  strains  rarely 
recur  suggests  that  biologic  derivatives  of  these 
mild  strains  or  a  recombinant  DNA  altered  strain 
in  the  form  of  a  vaccine  may  be  used  to  block 
subsequent  infection  by  a  more  destructive 
organism. 

Serological  studies  have  indicated  that  the  in- 
creased risk  of  adenovirus  infection  in  this  coun- 
try is  related  to  low  levels  of  protective  anti- 
bodies in  the  general  population.  It  now  appears 
that  many  different  types  of  virus  may  produce  a 
similar  type  of  ocular  disease.  Adenovirus  type 
19  has  been  identified  as  the  agent  of  acute 
hemorrhagic  conjunctivitis,  which  can  be  con- 
fused clinically  with  herpes  simplex  and  chlamy- 
dial conjunctivitis.  Appropriate  treatment  re- 
quires accurate  identification  of  the  specific  virus 
involved  in  the  infection. 

The  role  of  saprophytic  "nonvirulent"  organisms 
in  suppurative  keratitis  has  been  described.  A 
concept  has  been  proposed  that  any  microorgan- 
ism can  infect  the  cornea  if  provided  optimal 
circumstances  through  alteration  in  local  and 
systemic  defense  mechanisms.  The  function  of 
microbial  exotoxins  and  endotoxins  in  corneal 
destruction  has  been  elucidated  further.  The  first 
ophthalmic  antifungal  agent,  natamycin,  has  been 
approved  by  the  FDA  for  efficacy  and  safety. 
Miconazole  and  ketoconazole  have  been  intro- 
duced for  clinical  trials.  These  are  promising 
therapeutic  developments. 

A  microimmunofluorescence  typing  procedure 
for  identification  of  serotypes  of  Chlamydia  tra- 
chomatis has  been  perfected.  Erythromycin,  ri- 
fampin, and  doxycycline  are  effective  antichla- 
mydial  antibiotics.  Animal  models  have  helped 
define  the  pathogenesis  of  severe  keratoconjunc- 
tivitis. The  significance  of  neonatal  chlamydial 
conjunctivitis  and  chlamydial  infections  of  the 
genital  tract  is  now  clearly  recognized.  Thus 
Chlamydia  trachomatis  is  no  longer  as  threatening 
as  it  was. 

An  association  between  chronic  blepharitis  and 
generalized  sebaceous  gland  dysfunction  has  been 
established. 


Vision  Research— A  National  Plan:  1983-1987 


Report  of  the  Corneal  Diseases  Panel 


Ocular  Surface  Problems 

■  The  surface  chemical  condition  of  tear  film 
stability,  its  osmolarity,  and  the  dynamics  of  its 
formation  have  been  elucidated.  Analysis  of  o- 
linked  oligosaccharides  provides  information  on 
the  quantity  and  quality  of  mucus  in  tears  and 
conjunctiva.  Millipore  filters  permit  the  histolo- 
gic estimation  of  goblet  cell  frequency.  High- 
speed photography  reveals  that  many  "incom- 
plete blinkers"  suffer  from  excessive  drying  of 
the  eyes. 

■  High  levels  of  glycogen  and  the  enzymes  neces- 
sary for  anaerobic  metabolism  have  been  found  in 
ocular  epithelium.  The  changes  in  conjunctival 
epithelial  enzymatic  content  as  it  differentiates 
into  corneal  epithelium  have  been  documented. 
Study  of  the  biology  of  corneal  reepithelization 
indicates  that  significant  morphologic  changes  in 
epithelial  cells  are  involved  in  metabolic  and 
wound  healing  responses. 

■  The  pathology  of  ocular  surface  epithelium  has 
been  evaluated;  the  decrease  in  goblet  cell  popu- 
lation associated  with  ocular  surface  disease  has 
been  quantified.  Considerable  attention  has  been 
directed  to  the  epithelial  biochemical  abnormali- 
ties that  accompany  diabetes. 

■  Studies  have  indicated  that  the  source  of  corneal 
epithelium  influences  subsequent  vascularization. 
The  nature  of  immune  responses  along  mucosal 
surfaces  proves  to  be  related  to  specific  cell 
types. 

■  Therapeutic  advances  include  the  use  of  disodi- 
umchromoglycolate  for  ocular  hay  fever.  Hista- 
mine blockers  seem  to  deactivate  the  histamine 
component  of  the  hay  fever  response. 

■  The  ocular  surface  has  been  stabilized  by  the  use 
of  transplanted  tissue  from  the  contralateral 
normal  eye.  Conjunctival  transplantation,  a  new 
procedure,  resurfaces  the  cornea  with  peripheral- 
ly placed  healthy  donor  conjunctiva  to  replace 
damaged  host  tissue. 

■  Electrophysiology  and  cell  culture  techniques 
have  been  developed  and  used  along  with  tests 
on  wound  healing  effects,  permeability,  and 
morphology  to  demonstrate  the  adverse  reactions 
produced  by  thimerosol  and  benzalkonium  chlo- 
ride (preservatives  used  in  contact  lens  solutions) 
on  corneal  epithelium  in  rabbit  models.  The 
discovery  of  Langerhans'  cells  in  corneal  and 
conjunctival  tissues  suggests  the  possibility  of 
immunologic  sensitization  by  these  tissues. 

■  The  development  of  sustained  release  artificial 
tear  inserts  has  helped  a  number  of  dry  eye 
patients  who  could  not  be  treated  adequately 
with  frequent  applications  of  artificial  tear  drops. 


Ocular  inserts  have  also  been  effective  in  dispens- 
ing some  antivirals  and  antibiotics  in  the  treat- 
ment of  trachoma. 


Refractive  Problems  and  Contact  Lenses 

■  An  important  advance  in  contact  lens  materials 
has  been  the  introduction  of  extended-wear  lenses 
for  aphakia,  various  corneal  diseases,  and  general 
refractive  correction.  Oxygen  transmission 
through  such  lenses  is  approaching  satisfactory 
physiological  levels,  and  optical  quality  is  excel- 
lent. 

■  The  Food  and  Drug  Administration  recently  has 
approved  the  use  of  two  gas-permeable  hard 
materials  that  will  facilitate  the  correction  of 
many  types  of  refractive  errors  which  are  not 
correctable  with  flexible  lenses.  The  oxygen 
requirements  of  the  cornea  and  the  effects  of 
hypoxia  on  corneal  physiology  have  been  clari- 
fied. 

■  Studies  of  the  deleterious  side  effects  of  contact 
lens  wear  have  been  found  to  stem  from  alter- 
ations in  tear  chemistry,  inadequate  tear  pump- 
ing, or  structural  changes  within  the  cornea  or 
conjunctiva. 

■  New  instrumentation  has  been  developed  that 
monitors  corneal  and  visual  changes,  tear  flow, 
tissue  permeability,  and  oxygen  uptake. 

■  A  recently  developed  microprobe  application  for 
focal  collagen  denaturation  permits  directed  col- 
lagen shrinking  without  spreading  thermal 
damage  to  either  underlying  corneal  endothelium 
or  overlying  epithelium. 

■  Refractive  corneal  surgical  procedures  such  as 
refractive  keratoplasty,  epikeratophakia,  and 
radial  keratotomy  are  being  used  and  their  results 
carefully  documented. 

Corneal  Edema,  Endothelial  Dysfunction, 
Dystrophies,  and  Inherited  Disease 

■  Corneal  endothelium  from  rabbits  has  been 
grown  in  tissue  culture  and,  along  with  vascular 
endothelium,  has  been  successfully  transplanted 
in  animals. 

■  Continuing  research  with  animal  models,  espe- 
cially rabbits,  has  yielded  increased  understand- 
ing of  epithelial  and  endothelial  function  and 
normal  morphology.  The  thickness  of  the  cornea 
in  vitro  can  now  be  measured  automatically  with 
high  precision  using  microprocessor  technology. 

■  Endothelial  cell  density  alone  has  proved  to  be 
an  inadequate  indicator  of  physiological  function 
or  reserve.  There  is  a  tendency  for  cell  density  to 
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decrease  with  age,  but  significant  variability 
exists  within  any  age  group.  Evidence  that 
trauma  to  the  endothelium  varies  with  surgical 
techniques  has  led  to  great  improvements  in 
surgical  procedures  and  a  decrease  in  both 
endothelial  damage  and  corneal  blindness  caused 
by  corneal  edema. 

■  A  significant  advance  in  corneal  physiology  has 
been  the  discovery  of  the  missing  link  between 
cell  metabolic  energy  and  endothelial  fluid  trans- 
port. The  active  transport  of  bicarbonate  ions  by 
the  endothelium  has  been  confirmed  and  shown 
to  be  secretory  in  nature  and  of  sufficient 
magnitude  to  affect  the  movement  of  fluid.  Using 
this  important  link,  theories  of  control  of  corneal 
hydration  have  been  extended  to  produce  a 
mathematical  model  that  incorporates  all  of  the 
well  documented  transport  features  of  corneal 
epithelium,  endothelium,  and  stroma. 

■  Improvements  in  light-scattering  study  tech- 
niques will  enable  more  meaningful  interpreta- 
tions of  patterns  from  swollen  tissues.  Research- 
ers have  developed  a  model  for  the  control  of 
corneal  hydration,  which  incorporates  the  flow 
properties  of  normal  stroma  and  the  transport 
properties  of  corneal  epithelium  and  endotheli- 
um. 

■  The  morphology  of  many  corneal  dystrophies 
has  been  characterized  by  light  and  electron 
microscopy  and  histochemical  methods.  Bio- 
chemical studies  of  some  corneal  dystrophies 
have  increased  understanding  of  these  diseases. 

■  It  is  now  possible  to  grow  corneal  epithelium, 
fibroblasts,  and  endothelium  from  normal  dystro- 
phic cells  in  culture  and  to  maintain  these  cells 
for  many  generations. 

■  Several  studies  show  that  the  biosynthetic  activi- 
ties of  corneal  organ  cultures  resemble  the  cornea 
in    vivo    more    closely    than    cell    cultures    do. 

■  The  results  of  tissue  and  organ  cultures,  which 
are  just  beginning  to  appear,  present  the  possibil- 
ity of  the  use  of  in  vitro  material  for  in  vivo 
transplantation. 

Corneal  Transplantation  and  Stromal 
Wound  Healing 

■  Basic  knowledge  is  increasing  about  pathways  in 
the  cornea  that  generate  factors  for  chemotaxis 
and  mediator  secretion,  and  regulate  the  perme- 
ability and  ingrowth  of  blood  vessels. 

■  The  roles  of  cells  and  humoral  inflammatory 
mediators  in  connective  tissue  destruction  after 
sterile  injuries,  infections,  and  autoimmune  dis- 
eases of  the  cornea  are  being  elucidated. 


Polymorphonuclear  leukocytes  seem  to  be  active 
phagocytically  in  diverse  cases  of  ulceration. 
Studies  of  the  complement  and  properdin  systems 
have  sought  to  define  their  roles  of  attracting 
host  leukocytes  to  the  cornea. 

The  normal  cornea  has  been  reported  to  contain 
endogenous  inhibitors  of  collagenase  and  inhibi- 
tors of  serine  proteases. 

The  role  of  vitamin  A  in  the  integrity  of  the 
cornea  is  being  studied. 

Recent  research  has  shown  that  corneas  prevas- 
cularized  experimentally  do  not  ulcerate  after 
thermal  burns.  Some  aspects  of  the  complex 
events  that  occur  during  the  early  phases  of 
corneal  neovascularization  have  been  investigat- 
ed. 

Studies  on  wound  repair  suggest  that  fibroblast 
repopulation  of  a  wound  is  enhanced  by  growth 
factors. 

Transmission  and  scanning  electron  microscopy 
have  revealed  that  scar  tissue  differs  from  normal 
corneal  tissue  in  composition  and  tensile  strength 
and  in  the  thick,  unorganized  collagen  fibrils  it 
contains. 

Improved  selection  and  handling  of  donor  eyes 
combined  with  improved  preservation  and  surgi- 
cal techniques  have  resulted  in  an  overall  higher 
success  rate  for  corneal  transplantation.  The 
routine  screening  of  corneal  donor  material  with 
the  newly  developed  specular  microscope  has  led 
to  an  improved  quality  of  donor  tissue,  a  factor 
which    has    also    increased    transplant    success. 

I  Modified  types  of  antibodies  have  been  used  to 
block  transplant  rejection  in  an  animal  model. 

I  Application  of  bandage  soft  contact  lenses  at  the 
time  of  corneal  transplantation  for  disorders  with 
previously  poor  prognosis  has  augmented  the 
success  rate. 

I  Recognition  of  the  necessity  to  remove  the 
anterior  vitreous  has  improved  the  prognosis  for 
corneal  transplant  patients  who  had  previously 
undergone  cataract  surgery. 

I  Better  preoperative  assessment  of  recipient  eyes 
with  ultrasound  and  electrophysiologic  tech- 
niques has  aided  in  judicious  patient  selection. 
New  procedures  increase  the  postoperative  re- 
covery of  vision.  The  expansion  of  the  Eye  Bank 
Association  of  America  guidelines  now  provides 
a  uniform  set  of  standard  operating  procedures. 

I  Post-transplant  astigmatism  has  been  reduced  by 
the  development  of  the  wedge  surgical  technique 
and  the  relaxing  of  corneal  incisions. 
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Increased  understanding  of  the  mechanisms  in- 
volved in  transplantation  and  wound  healing  is 
building  the  success  rate  in  both  of  these  areas. 


RESEARCH  NEEDS 
AND  OPPORTUNITIES 

External  Ocular  Infections  and 
Inflammatory  Disease 

In  research  on  ocular  infections  and  inflammatory 
disease,  advances  have  been  made  in  the  develop- 
ment of  antiviral  therapy  and  immunology.  It  is  now 
necessary  to  define  precisely  the  roles  of  the 
different  infectious  agents  and  the  various  compo- 
nents of  the  immune  system.  Increased  knowledge 
of  the  epidemiology  of  adenovirus  and  Chlamydia 
trachomatis  would  facilitate  improved  management 
of  the  diseases  they  initiate.  More  effective  bacterial 
and  fungal  keratitis  treatment  awaits  the  identifica- 
tion of  improved  methods  of  laboratory  diagnosis 
and  medical  therapy.  Chronic  blepharitis  could  be 
handled  better  if  the  nature  of  the  deficiency  that 
predisposes  patients  to  this  disease  and  the  role  (if 
any)  of  microorganisms  in  its  initiation  or  perpetua- 
tion were  known.  Basic  and  clinical  research  in 
corneal  infections  must  utilize  methods  that  encom- 
pass the  unique  structure,  physiology,  inflammatory 
responses,  and  immune  mechanisms  of  the  cornea. 

Although  most  ocular  herpes  infections  are 
caused  by  type  1  HSV,  type  2  is  the  cause  of  genital 
herpes,  the  second  most  common  cause  of  venereal 
disease.  Both  types  share  the  characteristics  of 
persistence  and  recurrence.  Maternal  genital  herpes 
produces  newborn  infection  in  1  of  every  7,000 
births.  The  neonatal  herpes  mortality  rate  is  50 
percent. 

The  eye  is  the  best  model  for  elucidating  the 
etiology  of  herpes  simplex  infection  and  developing 
a  method  for  its  prevention  and  cure,  and  the  cornea 
can  be  used  to  develop  techniques  for  detecting 
microorganisms  and  microbial  antigens. 

Ocular  studies  may  provide  a  key  to  understand- 
ing herpes  of  the  skin,  central  nervous  system,  and 
genitourinary  tract,  and  also  certain  types  of  cancer 
of  the  uterine  cervix  and  other  organs.  These  types 
of  cancer  have  been  strongly  linked  to  members  of 
the  herpes  family.  There  is  a  four  times  greater 
incidence  of  cancer  among  people  with  herpes 
zoster  infections  than  among  the  normal  population. 
Also,  adenovirus  produces  cancer  in  laboratory 
animals.  Furthermore,  specialists  in  dermatology, 
nutrition,  and  metabolic  disease  will  benefit  from 
advanced  knowledge  of  the  normal  and  pathologi- 
cal behavior  of  the  ocular  surface.  Research  needs 
in  this  subprogram  include: 


•  Histopathologic,  histochemical,  pathogenetic, 
and  immunologic  characterizations  of  various 
forms  of  ocular  viral,  bacterial,  and  fungal 
infection  in  animal  and  human  models. 

•  Development  of  more  effective  methods  of 
diagnosing  and  treating  infections. 

•  Further  development  and  evaluation  of  immu- 
notherapy. 

•  Further  evaluation  of  the  neuronal  and  viral 
factors  responsible  for  herpetic  latency. 

Ocular  Surface  Disorders 

In  tear  film  research,  data  are  lacking  on  the 
functioning  patterns  of  ocular  defenses  and  the 
means  to  enhance  defense  mechanisms  in  patients 
predisposed  to  ocular  infection.  Investigators  con- 
cerned with  ocular  surface  problems  study  the 
physiological  and  biophysical  effects  of  contact 
lenses,  hoping  to  help  clinicians  use  soft  lens  therapy 
with  optimal  effectiveness.  Additional  research  is 
necessary  to  define  better  the  evolution  of  vasculari- 
zation and  scarring  and  its  relation  to  ocular  surface 
disease.  As  epithelial  healing  processes  are  under- 
stood better,  methods  of  promoting  healing  can  be 
developed.  Research  needs  in  this  subprogram 
include: 

•  Additional  investigation  of  the  composition, 
source,  and  function  of  the  tear  film  in  normal 
and  diseased  eyes. 

•  Study  of  the  role  of  lid  anatomy  and  the 
underlying  ocular  surface  in  tear  film  integrity. 

•  Study  of  the  identity  of  the  lacrimal  surfac- 
tants. 

•  Study  of  the  effect  of  interfacial  conditions  on 
the  cellular  physiology  of  corneal  epithelium. 

•  Study  of  the  properties  of  the  superficial 
meibomian  lipids. 

•  Study  of  the  importance  of  the  lacrimal  gland 
in  fluid  secretion. 

•  Study  of  the  factors  that  control  conjunctival 
mucus  and  lipid  release. 

•  Study  of  new  therapies  for  tear  abnormalities. 

•  Further  investigation  of  the  physiology, 
biochemistry,  morphology,  and  cell  biology 
of  normal  and  diseased  corneal  and  conjuncti- 
val epithelium. 

•  Study  of  the  causes  of  corneal  epithelial 
defects,  their  character  and  relationship  to  the 
neural  supply. 
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•  Study  of  the  effects  of  hormones,  prostaglan- 
dins, nucleotides,  substance  P,  and  retinoids  on 
in    vitro    corneal    tissue    and    organ    culture. 

•  Development  of  an  animal  model  for  recurrent 
epithelial  erosion  and  persistent  defects. 

•  Study  of  differentiation  of  ocular  surface 
epithelium. 

•  Study  of  benign  and  malignant  ocular  surface 
tumors. 

•  Study  of  the  immunology  of  the  ocular  sur- 
face, including  the  antigens  involved  in  au- 
toimmune diseases  and  the  drugs  that  produce 
and  inhibit  allergic  reactions. 

•  Studies  of  corneal  vascularization. 

•  Clarification  of  basement  membrane  composi- 
tion and  formation. 

•  Study  of  causes  of  abnormalities  in  diabetic 
corneal  epithelium. 

•  Study  of  role  of  vitamin  A  in  the  maintenance 
of  ocular  surface  epithelium. 

•  Study  of  alternative  methods  for  low  dose 
continuous  application  of  drugs  and  tear  sub- 
stitutes. 

•  Study  of  new  methods  to  assess  drug  and  drug 
vehicle  effects  on  epithelial  cells. 

•  Evaluation  of  cellular  interactions  with  anti- 
gens and  haptens  in  conjunctival  tissue  with 
respect  to  immunologic  sensitization  and  toler- 
ance. 

Refractive  Problems  and  Contact  Lenses 

In  contact  lens  research,  a  fundamental  understand- 
ing of  the  long-term  biological  effects  of  lens  wear  is 
needed.  Then  the  demands  may  be  met  for  techni- 
cally and  biologically  satisfactory  contact  lenses  to 
improve  the  vision  of  patients  with  high  refractive 
error,  irregular  astigmatism,  anisometropia,  or  other 
diseases.  Another  research  area  involves  the  modifi- 
cation of  corneal  curvature  with  contact  lenses  to 
reduce  nearsightedness  and  improve  distance  vision. 
A  new  field,  refractive  surgery,  which  has 
emerged  in  the  last  five  years,  needs  further  explora- 
tion. To  evaluate  the  safety  and  efficacy  of  refrac- 
tive keratoplasty,  data  from  controlled  clinical  trials 
must  be  collected  concerning  the  complications, 
expected  magnitude  of  change,  and  predictability  of 
results.  If  perfected,  this  technique  could  drastically 
alter  the  patterns  of  refractive  correction  in  this 
country,  and  possibly  save  millions  of  health-care 
dollars.  Research  needs  in  this  subprogram  include: 


•  Study  of  new  tests,  procedures,  and  materials 
to  improve  visual  acuity  by  using  contact 
lenses  and  modification  of  corneal  refractive 
properties. 

•  Studies  of  the  biological  effects  of  procedures 
for  the  correction  of  refractive  error. 

•  Evaluation  of  the  indications  and  contraindica- 
tions for  all  corneal  surgical  modifying  proce- 
dures. 

•  Comparison  of  the  effects  of  surgical  modifica- 
tion with  conventional  lens  correction. 

•  Study  of  appropriate  animal  models  to  analyze 
the  effects  of  refractive  corneal  surgical  tech- 
niques and  instrumentation  and  test  new  devel- 
opments. 

•  Development  of  computerized  programs  to 
establish  mathematical  models  for  surgical 
procedures  and  criteria  for  patient  selection. 

•  Study  of  methods  for  measuring  the  optical 
and   physiological   properties  of  the  cornea. 

•  Development  of  a  quantitative,  objective 
means  to  assess  vision  and  glare. 

•  Study  of  the  mechanical,  biosynthetic,  and 
physical  factors  that  allow  manipulation  of 
corneal  shape. 

Corneal  Edema,  Endothelial  Dysfunction, 
Dystrophies,  and  Inherited  Disease 

The  ability  to  maintain  corneal  endothelium  in  tissue 
culture  has  recently  been  gained.  It  is  also  possible 
to  transplant  these  cultured  cells  into  an  eye  and 
regain  normal  corneal  clarity.  The  application  of 
this  development  to  humans  envisages  replacing 
only  the  endothelium  in  a  corneal  transplant  rather 
than  all  the  layers.  Further  studies  should  seek  to 
determine  the  (1)  best  media  for  tissue  culture,  (2) 
most  appropriate  growth  factors  that  will  stimulate 
the  corneal  endothelium  to  divide  in  vitro  and  in 
vivo  and  repair  surface  wounds  that  otherwise 
might  have  produced  longstanding  corneal  edema, 
and  (3)  physiological  and  biosynthetic  characteris- 
tics of  normal  and  abnormal  corneal  endothelium 
from  donors  of  various  ages. 

Additional  research  should  be  directed  toward 
developing  a  safe,  noninvasive  procedure  for  early 
diagnosis  of  endothelial  dystrophies  or  degenera- 
tion, and  developing  clinical  tools  to  assess  endothe- 
lial function.  It  remains  to  be  seen  if  corneal 
function  as  delineated  by  in  vitro  animal  models  is 
representative  of  function  in  the  intact  human  eye. 
Accurate  evaluation  of  epithelial  and  endothelial 
cell    layer    function    in    vivo    would    be    useful    in 
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selecting  appropriate  intraocular  surgical  techniques 
and  would  improve  postsurgical  care. 

The  specular  microscope,  which  permits  morpho- 
logical evaluation  of  endothelium  in  vivo,  may  make 
possible  major  sight-saving  advances  in  intraocular 
surgical  techniques  and  eye  banking.  It  is  an 
important  research  tool  which  can  be  used  to 
evaluate  and  modify  new  techniques  and  study  the 
toxicity  of  drugs. 

Also  needed  is  a  thorough  examination  of  the 
transport  processes  that  underlie  the  principal  func- 
tions of  corneal  membranes.  Further  clarification 
will  help  explain  the  etiology  of  corneal  disease  and 
dysfunction  that  produce  stromal  and  epithelial 
edema,  the  major  causes  of  corneal  blindness.  The 
discovery  of  alternative  ways  to  modulate  corneal 
permeability  and  transport  may  replace  transplant 
surgery  as  a  corrective  therapy. 

Morphological  and  physiological  evidence  must 
be  gathered  to  confirm  whether  endothelial  function 
is  compromised  by  long-term  cytotoxicity  of  drugs. 
Evaluation  of  the  specific  barrier  properties  of 
endothelium  and  epithelium  is  essential  to  improve 
understanding  of  stromal  volume  regulation. 

Other  questions  that  need  to  be  answered  include: 
(1)  How  do  the  stromal  properties  of  hydration  and 
flow  conductivity  change  as  tissue  thickens  or  thins 
in  stroma  altered  by  disease  processes?  (2)  How  are 
the  structure  and  composition  of  tissue  altered  by 
disease?  (3)  How  is  visual  image  affected  by  changes 
in  transparency? 

The  study  of  simple  developing  systems  may 
reveal  important  clues  to  the  complex  process  of 
growth  and  morphogenesis  in  the  human  cornea  and 
suggest  what  happens  when  the  process  goes  awry. 
Research  in  corneal  development  will  contribute  to 
knowledge  about  corneal  wound  healing,  the  cul- 
ture and  transplantation  of  exogenous  corneal  cells 
and  tissue,  and  tumor  cell  metastasis,  invasion,  and 
growth. 

The  basic  defect  of  Fuchs'  dystrophy  and  the 
reason  for  corneal  ectasia  remain  unknown.  Further 
study  of  inherited  corneal  disease  caused  by  errors 
of  nature,  normal  keratocyte  metabolism,  and  corne- 
al dystrophies  may  provide  clues  to  other  disorders 
and  wound  healing  in  the  cornea.  Research  needs  in 
this  subprogram  include: 

•  Evaluation  of  the  methodology  of  tissue  cul- 
ture of  corneal  endothelium. 

•  In  vitro  comparison  of  endothelium  obtained 
from  degenerative  and  dystrophic  conditions 
with  normal  endothelium. 

•  Further  development  of  techniques  for  the 
transplantation  of  tissue-cultured  corneal  en- 
dothelium. 

•  Further  evaluation  of  in  vivo  stimulation  of 
endothelial  repair. 


•  Identification  and  study  of  animal  models  of 
endothelial  dystrophies  and  developmental 
anomalies. 

•  Development  of  a  simple,  inexpensive  pachy- 
meter  for  routine  measurement  of  corneal 
thickness. 

•  Development  of  fluorometers  for  use  in  clini- 
cal research  on  the  cornea. 

•  Development  of  additional  methods  to  assess 
the  metabolic  aspects  of  cell  function  and  the 
metabolic  changes  that  accompany  disease, 
surgical  procedures,  and  medication. 

•  Correlation  of  morphological  appearance  with 
physiological  function  and  reserve,  and  of 
specular  microscopic  appearance  with  histopa- 
thology. 

•  Continuing  specular  microscopic  evaluation  of 
the  effects  of  various  medical  and  surgical 
therapeutic  modalities  on  corneal  endothelium. 

•  Study  of  the  transport  processes  in  normal 
tissue  and  the  transport  characteristics  of 
tissue-cultured  endothelial  monolayers. 

•  Search  for  substances  to  enhance  membrane 
transport  functions. 

•  Definition  of  the  role  of  the  endothelium  in  the 
nutrition  of  epithelium  and  keratocytes. 

•  Elucidation  of  the  changes  in  stromal  proper- 
ties caused  by  dystrophies,  other  diseases,  and 
aging. 

•  Determination  of  the  mechanical  properties  of 
Bowman's  layer,  stroma,  and  Descemet's 
membrane  as  they  relate  to  wound  healing  and 
shape. 

•  Investigation  of  the  physical  basis  for  transpar- 
ency and  its  alterations  in  specific  disease 
processes. 

•  Further  study  of  the  distribution  and  interac- 
tions of  glycosaminoglycans  and  collagens  in 
the  cornea. 

•  Study  of  the  effect  of  increased  perilimbal 
vascular   permeability   on   stromal    hydration. 

•  Study  of  additional  techniques  for  growing 
whole  corneas  (as  organ  cultures)  or  dispersed 
cell  cultures  in  vitro  and  analysis  of  the 
products  of  normal  and  abnormal  cells. 

•  Study  of  somatic  cell  genetics,  for  example, 
somatic  cell  hybridization. 

•  Comparison  of  differentiated  cell  lines  in  cul- 
ture which  express  inherited  metabolic  defects 
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with  cells  from  individuals  who  have  known 
inherited  defects  of  the  cornea. 

•  Study  of  human  material  from  corneal  biopsy, 
keratoplasty,  and  autopsies  by  light  and  elec- 
tron microscopy  and  other  appropriate  tech- 
niques. 

Corneal  Transplantation  and  Stromal 
Wound  Healing 

To  improve  the  success  rate  of  transplantation 
therapy,  the  immune  rejection  phenomenon  must  be 
better  understood.  Research  also  is  needed  to 
improve  the  recovery  of  vision  after  transplantation. 
Improved  selection  of  recipients  by  accurate  preop- 
erative assessment  of  visual  potential  as  well  as 
improved  selection  and  handling  of  donor  eyes 
require  the  development  of  finer  instrumentation. 
Tissue  culture  studies  of  corneal  endothelium  will 
be  of  interest  to  those  studying  vascular  endotheli- 
um, wound  healing  and  scarring,  aging,  cellular 
function,  cell  biology,  and  pump  and  membrane 
support.  Because  of  its  simple  geometry,  location, 
and  lack  of  vasculature  and  muscle  tissue,  the 
cornea  is  an  excellent  model  tissue  in  which  to  study 
the  general  problem  of  edema  control.  Stromal 
hydration  and  transparency  studies  relate  to  connec- 
tive and  other  tissue  function.  Corneal  vasculariza- 
tion research  will  increase  the  understanding  of 
regulation  processes  in  general.  Since  masses  of 
tumor  cells  require  new  blood  vessels  to  support 
their  growth,  this  research  also  has  relevance  for 
the  potential  control  of  cancer.  Corneal  tissues  and 
cells  are  readily  accessible  subjects  for  the  study  of 
improved  culture  techniques,  mitogens,  growth  fac- 
tors, and  trophic  influences.  In  the  area  of  stromal 
wound  healing,  additional  investigation  is  needed  on 
the  processes  of  opacification,  scarring,  and  vascu- 
larization. Research  needs  in  this  subprogram  in- 
clude: 

•  Determination  of  the  relationship  among  expo- 
sure of  the  cornea  or  loss  of  innervation, 
chronic  epithelial  defects,  and  subsequent  un- 
derlying stromal  ulcers. 

•  Study  of  the  pathways  and  factors  that  control 
leukocyte  movements,  mediator  secretion, 
blood  vessel  permeability,  and  ingrowth. 

•  Development  of  methods  to  inhibit  collage- 
nase  and  the  proteases  that  activate  latent 
collagenase. 

•  Characterization  and  definition  of  the  metabo- 
lism of  proteoglycans  in  normal  ulcerating  and 
scarred  corneas. 

•  Development  of  animal  models  of  peripheral 
inflammatory  keratitis. 


•  Clarification  of  the  role  of  vitamin  A  in  the 
regulation  of  collagenase  secretion  and  glyco- 
protein and  proteoglycan  synthesis  in  the 
corneal  stroma. 

•  Exploration  of  the  limits  of  efficacy  of  ascor- 
bate  in  the  treatment  of  ulceration. 

•  Investigation  of  the  anti-inflammatory,  antiul- 
cerative  effects  of  progestational  steroids  on 
wound  healing. 

•  Development  of  better  methods  of  bioassay  of 
substances  that  are  angiogenic  or  capable  of 
inhibiting  angiogenesis. 

•  Study  of  corneal  transplant  immunology. 

•  Further  study  of  the  effects  of  histocompatibil- 
ity antigens  on  corneal  cell  types  and  their  role 
in  corneal  graft  rejection. 

•  Confirmation  of  evidence  that  human  corneal 
cells  express  HLA  D/DR  antigens;  investiga- 
tion of  the  distribution  of  HLA  D/DR  homo- 
logues. 

•  Collection  of  in  vivo  data  on  the  different 
antigens  represented  on  corneal  cells  using 
inbred  strains  of  mice  and  rats. 

Ht  Examination  of  corneal  tissues  from  inbred 
animals  and  human  corneal  tissue  with  com- 
mercially available  monoclonal  antibodies  for 
lymphocyte  subclasses  to  identify  and  enumer- 
ate the  specific  types  of  lymphocytes  that 
participate  in  the  corneal  allograft  reaction. 

•  Development  and  testing  of  new  drugs  to 
prevent  corneal  allograft  rejection. 

•  Further  study  of  immunological  control  mech- 
anisms to  clarify  their  role  in  corneal  graft 
rejection  or  survival. 


Development    of    better    instrumentation 
assess  visual  potential  preoperatively. 


to 


•  Development  of  effective  treatment  for  preex- 
isting ocular  surface  disease  which  threatens 
successful  corneal  transplantation. 

•  Continuous  efforts  to  improve  the  quality  of 
corneal  donor  tissue. 

•  Elimination  of  postkeratoplasty  complications 
that  reduce  vision. 
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RESEARCH  TRAINING 
NEEDS 

Additional  research  in  bacterial  and  fungal  keratitis 
will  require  fellowships  in  microbiology,  immunol- 
ogy, cell  biology,  and  pharmacology  for  ophthal- 
mologists who  are  completing  residency  training 
and  who  have  capabilities  in  basic  and  clinical 
research. 

For  chlamydial  keratoconjunctivitis  research, 
training  opportunities  should  be  available  for  micro- 
biologists, laboratory  technicians,  and  clinical  inves- 
tigators to  become  familiar  with  laboratory  methods 
in  working  with  chlamydial  infections.  Postresiden- 
cy  fellowships  are  needed  in  epidemiology,  labora- 
tory diagnosis,  and  chemotherapy  of  hyperendemic 
trachoma.  Additional  investigators  should  be 
trained  for  research  in  chronic  blepharitis  and 
refractive  modification. 


SUMMARY  OF  1983-1987 

RECOMMENDED 

PROGRAM 

DEVELOPMENT 

PRIORITIES 

The  Corneal  Diseases  Panel  has  identified  a  number 
of  high  priority  areas  for  research.  These  recom- 
mendations are  based  on  the  importance  of  the 
diseases  to  man,  the  probability  that  reasonable 
investments  of  time  and  money  will  produce  signifi- 
cant information,  and  the  belief  that,  in  certain 
areas,  ocular  disease  provides  a  unique  opportunity 
to  clarify  crucial  systemic  problems  and  make 
beneficial  contributions  to  many  aspects  of  medi- 
cine. 

These  recommendations  are  discussed  in  detail  in 
subsequent  chapters  of  this  report.  The  following  is 
a  summary  of  them. 

External  Ocular  Infections  and 
Inflammatory  Disease 

■  Determine  the  neuronal  and  viral  factors  contrib- 
uting to  the  latent   period   of  herpes  infection. 

■  Elucidate  the  pathogenesis,  biological  and  bio- 
chemical characteristics,  latency  patterns,  and 
immune  response  in  well-defined  forms  of  ocular 
infections. 

■  Develop  better  diagnostic  techniques. 


Determine  which  factors  are  predictive  of  clini- 
cal course  of  ocular  infection. 

Investigate  appropriate  therapies,  including  non- 
toxic antiviral  and  anti-inflammatory  agents  and 
vaccines. 


Ocular  Surface  Problems 

■  Determine  the  biochemical  and  physiological 
interrelationship  between  the  preocular  tear  film 
and  the  underlying  ocular  surface. 

■  Investigate  the  relationship  of  corneal  epithelial 
defects  to  neural  supply,  basement  membrane 
changes,  and  stromal  ulceration. 

■  Compare  the  development  and  maintenance  of 
corneal  epithelium  in  normal  and  diseased  eyes 
and  explore  the  practicality  of  ocular  surface 
replacement  from  other  sources. 

■  Evaluate  the  normal  immunologic  mechanisms  of 
the  ocular  surface,  the  stimuli  for  superficial 
corneal  vascularization,  and  the  ingrowth  of 
conjunctiva  onto  the  corneal  surface. 


Refractive  Problems  and  Contact  Lenses 

■  Develop  special  lens  designs/materials  for  cor- 
recting refractive  errors  that  are  not  otherwise 
corrected  by  standard  modalities. 

■  Study  the  biological  effects  of  existing  and 
proposed  procedures  and  materials  for  correcting 
refractive  error  by  contact  lenses. 

■  Improve  and  develop  methods  for  mensuration  of 
optical  and  physiological  properties  of  the 
cornea. 


Corneal  Edema,  Endothelial  Dysfunction, 
Dystrophies,  and  Inherited  Disease 

■  Define  in  vitro  needs  of  corneal  endothelium  in 
tissue  culture  and  develop  techniques  for  trans- 
planting tissue  cultured  corneal  endothelium  in 
man. 

■  Devise  methods  to  stimulate  the  repair  of  native 
corneal  endothelium  in  vivo. 

■  Develop  methods  for  in  vivo  assessment  of 
epithelial    and    endothelial    metabolic    function. 

■  Develop  stress  tests  which  will  measure  endothe- 
lial reserve. 

■  Correlate  morphologic  appearance  of  the  endo- 
thelium with  physiologic  function  and  reserve. 
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Summary 


■  Compare  membrane  metabolic  function  in  normal 
and  diseased  corneas  from  animal  models  and 
man. 

■  Further  understand  light  transmissibility  of  the 
stroma  and  develop  techniques  to  measure 
changes  occurring  with  disease  and  increased 
hydration. 

■  Analyze  the  effect  of  cellular  differentiation  on 
corneal  morphogenesis  and  biochemical  composi- 
tion. 

■  Determine  abnormal  products  in  dystrophic  cor- 
neas from  in  situ  sources  and  after  organ  or  tissue 
culture. 

■  Identify  basic  mechanisms  responsible  for  the 
development  of  corneal  dystrophies. 

■  Study  animal  models  of  corneal  dystrophies 
when  they  exist;  where  none  has  been  identified, 
they  should  be  sought. 

■  Establish  a  national  registry  of  corneal  dystro- 
phies. 

Corneal  Transplantation  and  Stromal 
Wound  Healing 

■  Compare  corticosteroidal  and  progestational  ster- 
oids with  regard  to  differential  effects  of  tissue 
destruction  and  wound  healing. 

■  Identify  cells  and  mediators  responsible  for  tissue 
destruction  after  injury  or  infection  of  the  cornea. 

■  Determine  the  importance  of  histocompatibility 
and  tissue-specific  antigens  in  corneal  transplanta- 
tion. 

■  Amplify  our  understanding  and  ability  to  control 
the  corneal  allograft  reaction. 

■  Develop  methods  of  controlling  complications 
following  keratoplasty  such  as  glaucoma,  astig- 
matism, and  contour  irregularity  after  anterior 
segment  surgery. 


IMPLEMENTATION  OF 
THE  PLAN 


The  individual,  investigator-initiated,  NIH  research 
project  grant  continues  to  be  the  National  Eye 
Institute's  predominant  and  highest  priority  funding 
mechanism.  Therefore,  the  successful  implementa- 
tion of  the  recommendations  of  the  Corneal  Dis- 
eases Panel,  as  well  as  those  of  the  other  Panels  that 
have  contributed  to  Vision  Research — A  National 
Plan:  1983-1987.  will  depend  largely  upon  investiga- 
tors submitting  grant  applications  for  research  in  the 


scientific  areas  the  Panel  has  identified  for  emphasis. 
Because  scientific  merit,  as  evaluated  by  the  tradi- 
tional NIH  peer  review  system,  will  continue  to  be 
the  principal  determinant  of  which  approved  grant 
proposals  the  NEI  will  fund,  those  approved  appli- 
cations having  the  best  "priority"  scores  assigned  by 
NIH  initial  review  groups  will  be  funded.  Applica- 
tions with  mid-range  scores  will  be  paid  as  funds  are 
available;  however,  some  may  be  specifically  desig- 
nated by  the  Council  as  having  "High  Program 
Relevance"  (that  is,  fulfilling  one  of  the  Plan's 
recommendations,  especially  in  an  area  of  research 
considered  to  be  underfunded),  and  are  recommend- 
ed for  placement  in  a  more  favorable  position  for 
funding.  Applications  with  poorer  scores  will  not  be 
funded — even  if  they  propose  research  on  a  topic 
the  Panel  has  judged  to  be  in  need  of  additional  or 
new  support  (Chart). 

By  using  such  a  system,  NEI  supports  scientific 
excellence,  innovation,  and  creativity  while  carry- 
ing out  its  mission  of  supporting  research  aimed  at 
alleviating  blindness  and  visual  disability.  The  Na- 
tional Advisory  Eye  Council  will  monitor  the 
responses  of  the  research  community  to  the  recom- 
mendations in  the  Plan  as  well  as  new  research 
advances  and  developing  opportunities,  and  recom- 
mend to  the  NEI  staff  on  a  regular  basis  what 
further  implementation  measures  or  changes  in 
program  priorities  may  be  required.  For  further 
discussion  of  the  Plan's  development  and  implemen- 
tation, see  Volume  One,  The  1983  Report  of  the 
National  Advisory  Eye  Council. 


RESOURCE 
REQUIREMENTS 

The  following  table  presents  a  summary  of  the 
Panel's  estimates  of  the  number  of  grants  necessary 
to  carry  out  its  recommendations  for  each  of  the 
Corneal  Diseases  subprograms  in  FY  1983.  The 
actual  number  and  cost  of  grants  funded  in  each 
subprogram  in  FY  1981  (the  base  year  of  the  Plan) 
are  shown  in  the  first  column.  The  second  column 
indicates  the  number  of  additional  (or  fewer)  grants 
the  Panel  believes  should  be  funded  in  each  subpro- 
gram through  the  end  of  FY  1983,  based  on  an 
analysis  of  current  research  and  of  future  needs  and 
opportunities.  The  total  number  of  grants  for  FY 
1983  for  each  subprogram  indicated  in  the  third 
column  is  the  estimated  sum  of  new  and  continuing 
awards  to  be  made  in  that  year  along  with  an 
estimate  of  their  cost. 

For  example,  the  first  line  of  the  table  shows  that 
21  grants  were  actually  awarded  in  FY  1981  for 
"Herpes  Simplex"  research.  Because  about  one-third 
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Grant  proposals 
developed  not 
specificially  in 
response  to  Plan 
(may  or  may  not  be 
related  to  NEI 
program  priorities) 

PERFORMER 

U  TION 

"" I 

Grant 

applications         ^^ 
submitted               ^B^- 
to  NIH                   VY 

Initial  Review 
Group*                        1 

Scientific  merit  priority  scores  assigned 

Scientific  Community 

Grant  proposals 
developed  in 
response  to  Plan's 
recommendations 

I   High  priority     II   Mid-ranee           II  Low  p 

norilv 

t 

1   Concur            1    High                1  Concur      1 
■   Program    ■ 

"       "  Re,evancen       P 

+ 

Implementation  measures: 

•  Distribution  of  Plan 

•  Program  Announcements 

•  Requests  for  Applications/ 

Proposals 

•  Scientific  workshops 

•  Other  NE1  staff  activities 

♦ 

National  Advisory   1 
Eye  Council 

Concur 

Vrfhr 

1 

"     \ 

Funded                                    1  Awarded  asl 

I                   MB             I 

^               ^^^n  ava,'an'e  \ 

Nol 
funded 

♦ 

Vision  Research  National  Plan 

♦ 

National  Advisory  Eye 

Council  selects  program  priorities 

♦ 

""     1 

1   Computerized  data  base  of  all  application 

■    whether  approved  or  disapproved,  funded 

|    unfunded,  coded  according  to  relevance  lc 

1    Program  Base  or  Program  Development  P 

or 
NEI 
riorities 

Panels  of  experts  assess  NEI 
program,  periodically  identify 
current  research  needs  and 
opportunities,  and  recommend 
program  priorities 

I 

Periodic  reports  on 
Plan's  implementation 

PROCESS  STARTS  HERE 

•  Smds  Sections  of  NIH  Division  of  Research  Grams  or  NEI  Vision  Research  Program  Commillee 


CHART.  National  Eye  Institute  Program  Planning  System.  Both  the  NIH 
scientific  merit  priority  scores  and  the  program  priorities  established  in  the 
National  Plan  help  determine  which  grant  applications  NEI  will  fund.  All 
applications  with  high  scientific  merit  priority  scores  are  funded  regardless 
of  their  relevance  to  program  priorities.  Some  applications  with  mid-range 
scores  and  judged  to  be  highly  relevant  to  program  priorities  are  singled 
out  and  placed  in  a  better  funding  position  than  they  would  have  been  on 
the  basis  of  the  score  alone. 


of  all  NEI  grants  terminate  in  any  given  year,  in 
making  its  estimates  for  1983  the  Panel  assumed  that 
about  7  of  the  21  projects  funded  in  FY  1981  would 
terminate  in  that  year,  thereby  making  funds  availa- 
ble for  new  or  renewal  grants  in  this  subprogram  in 
1982  and  that  another  7  would  terminate  in  that 
year.  The  Panel  then  judged  that  an  additional  7 
grants  would  be  required  by  1983  to  meet  its 
recommendations  in  this  subprogram.  Therefore,  of 
the  total  of  28  projected  awards  in  this  subprogram 
for  FY  1983,  approximately  7  would  be  ongoing  and 
21  would  be  new  or  renewal  awards  to  be  funded 
during  FY  1982  and  FY  1983. 

The  actual  number  of  grants  funded  in  these  areas 
may  of  course  be  either  more  or  less  than  these 
projections  indicate,  depending  on  the  quality,  kind, 
number,  and  costs  of  the  grant  applications  NEI 
receives  and  the  actual  availability  of  funds.  Con- 
cerning funding,  it  must  be  emphasized  that  the  six 
Panels'  dollar  estimates  for  FY  1983  do  not  neces- 
sarily indicate  what  the  actual  National  Eye  Insti- 
tute extramural   research   budget   will   be   for  that 


year.  However,  because  the  Panels'  estimates  are 
based  upon  detailed  documentation  of  projected 
research  needs  and  costs,  it  is  hoped  that  those  in 
the  Executive  and  Legislative  branches  of  the 
Government  who  make  the  final  decisions  concern- 
ing the  NEI  budget  will  use  them  in  making 
informed  judgments  about  the  resources  required 
for  the  support  of  vision  research.  In  making  these 
estimates  the  Panels  took  into  account  the  following 
factors  for  each  category  of  research  considered: 

■  Degree  of  relevance  to  the  program's  goals  and 
objectives 

■  Current    level    of   support    by    NEI    and    other 
organizations 

■  Recent  research  ac  .omplishments 

■  Potential  for  future  development 

■  Availability  of  trained  manpower 

■  Likelihood  of  significant  progress  over  the  next 
three  to  five  years. 
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Summary 


The  Panel  recognizes  that  in  addition  to  scientific 
judgments,  social,  economic,  and  political  consider- 
ations will  shape  the  final  NEI  budget  for  each  year. 
Therefore,  no  attempt  has  been  made  in  this  report 
to  make  detailed  resource  estimates  beyond  FY 
1983,  although  the  Council  has  projected  an  overall 
budget  for  the  NEI  through  FY  1985  (Volume  One). 
The  Panel  understands  that  in  the  future,  the 
Council,  with  the  assistance  of  scientists  knowledge- 
able in  areas  of  research  supported  by  the  NEI,  will 
provide  more  detailed  estimates  for  the  remaining 


years  of  the  Plan  based  on  actual  budgetary  experi- 
ence and  ongoing  analyses  of  research  progress.  In 
this  way  the  Plan  will  be  modified  as  necessary  on  a 
year-to-year  basis. 

At  the  end  of  each  section  of  this  report, 
subprogram/area  resource  tables  show  how  the 
estimates  shown  in  the  following  summary  resource 
table  have  been  derived  from  estimates  for  each 
research  category  included  in  the  Program  Base  and 
the  Program  Development  Priorities  for  each  area. 
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SUMMARY 
RESOURCE  TABLE 

(Dollars  in  Thousands) 


Subprograms/Areas 


FY  1981 

Grants* 

Cost 


Panel  Recommendation  FY  1983 


Add.  Grants 
Cost 


Total  Grants 
Cost** 


1.  EXTERNAL  OCULAR  INFECTIONS 
AND  INFLAMMATORY  DISEASE 


a.  Herpes  Simplex 

21 

$2,153 

(13%) 

7 
$843 

(13%) 

28 
$2,996 

(13%) 

b.  Herpes  Zoster 

0 
0 

(0%) 

2 
$214 

(4%) 

2 
$214 

(1%) 

c.  Adenovirus  and  Enterovirus 

1 
$130 

(1%) 

2 
$191 

(4%) 

3 

$321 

(1%) 

d.  Bacterial  and  Fungal  Keratitis 

9 

$702 

(6%) 

3 

$582 

(6%) 

12 
$1,284 

(6%) 

e.  Chlamydial  Keratoconjunctivitis 

7 
$879 

(4%) 

1 
-$23 

(1%) 

8 
$856 

(4%) 

f.  Chronic  Blepharitis 

2 
$167 

(1%) 

2 
$261 

(4%) 

4 
$428 

(2%) 

g.  Other  Infections 

2 
$289 

(1%) 

0 

-$75 

(0%) 

2 
$214 

(1%) 

Subtotal 

42 
$4,320 

(26%) 

17 
$1,993 

(32%) 

59 
$6,313 

(28%) 

2    OCULAR  SURFACE  PROBLEMS 

a.  Tear  Film  and  Its  Abnormalities 

10 

$750 

(6%) 

1 

$427 

(2%) 

11 

$1,177 

(5%) 

b.  Ocular  Surface  Disorders 

30 
$3,021 

(18%) 

5 
$724 

(9%) 

35 
$3,745 

(16%) 

c.  Drug  Delivery  and  Toxicity 

1 

$126 

(1%) 

1 

$88 

(2%) 

2 
$214 

(1%) 

Subtotal 

41 

$3,897 

(25%) 

7 
$1,239 

(13%) 

48 
$5,136 

(22%) 

*  Includes  R01,  R10,  R23,  P50,  K04,  and  K07  mechanisms. 
**  Estimated  average  cost  of  grants  in  Corneal  Diseases  program  for  FY  1983  is  $107,000. 
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SUMMARY 

RESOURCE  TABLE  (cont.) 

(Dollars  in  Thousands) 


Summary 


Subprograms/ Areas 


FY  1981 

Grants* 

Cost 


NAEC  Recommendation  FY  1983 


Add.  Grants 
Cost 


Total  Grants 
Cost** 


3.  REFRACTIVE  PROBLEMS  AND 
CONTACT  LENSES 

4.  CORNEAL  EDEMA, 
ENDOTHELIAL  DYSFUNCTION, 
DYSTROPHIES,  AND 
INHERITED  DISEASE 

a.  Endothelial  Tissue  Culture, 
Replacement,  and  Repair 

b.  In  Vivo  Evaluation  of  Corneal 
Epithelial  and  Endothelial  Membrane 
Function 

c.  In  Vivo  Morphologic  Evaluation- 
Specular  Microscopy 

d.  Endothelial  and  Epithelial  Transport 
Processes  (Corneal  Hydration  and 
Edema) 

e.  Stromal  Swelling  and  Transparency 

f.  Normal  Corneal  Development 

g.  Corneal  Dystrophies,  Inherited 
Disorders,  and  Developmental 
Anomalies 

Subtotal 


19 

$1,682 


(12%) 


7 
$1,100 


(13%) 


26 

$2,782 


(12%) 


5 
$585 

(3%) 

2 
$164 

(4%) 

7 
$749 

(3%) 

3 
$259 

(2%) 

2 
$276 

(4%) 

5 
$535 

(2%) 

2 
$238 

(1%) 

1 

$83 

(2%) 

3 
$321 

(1%) 

10 
$1,196 

(6%) 

3 
$195 

(6%) 

13 
$1,391 

(7%) 

7 
$570 

(4%) 

1 
$286 

(1%) 

8 
$856 

(4%) 

2 
$181 

(1%) 

0 

$33 

(0%) 

2 
$214 

(1%) 

4 
$485 

(3%) 

3 

$264 

(6%) 

7 
$749 

(3%) 

33 
$3,514 

(20%) 

12 
$1,301 

(23%) 

45 

$4,815 

(21%) 

5.  CORNEAL  TRANSPLANTATION 
AND  STROMAL  WOUND 
HEALING 

a.  Inflammation  and  Repair 

b.  Corneal  Transplantation 

Subtotal 
TOTAL 


16 

$1,256 

(10%) 

4 
$884 

(8%) 

20 
$2,140 

(9%) 

11 
$1,180 

(7%) 

6 
$639 

(11%) 

17 
$1,819 

(8%) 

27 
$2,436 

(17%) 

10 
$1,523 

(19%) 

37 
$3,959 

(17%) 

162 

$15,849 

(100%) 

53 
$7,156 

(100%) 

215 

$23,005 

(100%) 

*  Includes  ROi,  R10,  R23,  P50,  K04,  and  K07  mechanisms. 
**  Estimated  average  cost  of  grants  in  Corneal  Diseases  program  for  FY  1983  is  $107,000. 
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1 


EXTERNAL 
OCULAR 

INFECTIONS  AND 
INFLAMMATORY 
DISEASE 


A.  HERPES  SIMPLEX 

INTRODUCTION 

HERPES  SIMPLEX  VIRUS  (HSV),  the  most  ubiq- 
uitous communicable  infectious  virus  in  man,  is  the 
etiologic  agent  of  a  wide  variety  of  chronically 
recurring  diseases.  Following  the  initial  infection, 
the  herpes  simplex  virus  may  become  inactive  or 
latent  in  neuronal  tissue,  only  to  reactivate  unpre- 
dictably at  some  later  time  causing  recurrence  of  the 
disease.  In  its  latent  stage  the  virus  is  not  susceptible 
to  any  drugs  currently  available. 

In  the  United  States,  ocular  herpes  simplex,  due 
primarily  to  type  1,  but  occasionally  to  type  2  virus, 
is  the  leading  cause  of  corneal  blindness  stemming 
from  infection;  approximately  500,000  cases  are 
reported  annually. 12  Recurrent  herpes  of  the  mouth 
and  skin,  also  usually  due  to  type  1  virus,  afflicts 
approximately  one-third  of  the  world  population, 
one-half  of  whom  suffer  more  than  one  attack 
annually.  Once  someone  has  had  more  than  one 
attack  of  herpes,  the  chances  are  almost  50  percent 
that  he  will  have  another  occurrence  within  2 
years. 3 


Genital  herpes,  caused  primarily  by  type  2  virus, 
is  the  second  most  common  venereal  disease  in  this 
country.  Approximately  100,000  cases  are  reported 
annually  and  the  number  is  rising  steadily  because 
the  disease,  like  ocular  herpes,  is  recurrent  and  to 
date  incurable.2-4  Herpes  infection  of  the  maternal 
reproductive  system  infects  newborn  infants  in  as 
many  as  1  of  every  7,000  births;  this  condition, 
which  has  a  fatality  rate  of  50  percent,  is  character- 
ized by  conjunctival  and  corneal  infection,  dissemi- 
nated skin  eruption,  encephalitis,  and  meningitis.5,6 

Immunologically  compromised  individuals,  such 
as  leukemia  patients  or  organ  transplant  recipients, 
also  are  at  high  risk  of  severe  ocular  and  systemic 
herpetic  infections. 7  Certain  human  cancers  have 
been  strongly  linked  to  the  herpes  virus  family; 
HSV  types  1  and  2  have  been  associated  with 
cancer  of  the  uterine  cervix  and  cancer  of  the 
lip,8"10  and  Epstein-Barr  virus  is  associated  with 
cancer  of  the  nose  and  throat  (nasopharyngeal 
carcinoma)  and  Burkitt's  lymphoma.  nl2 

Medical  therapy  of  ocular  herpes  infections  re- 
quires frequent  visits  to  the  ophthalmologist  for 
periods  of  several  weeks  to  several  months.  Ap- 
proximately 25  percent  of  those  who  develop 
herpetic  ulcers  of  the  corneal  surface  (epithelial 
keratitis)  will  experience  (1)  recurrence,  (2)  the 
complication  of  deep  corneal  stromal  keratitis,  (3) 
inflammation  of  the  iris,  or  (4)  any  combination  of 
these   three   conditions   within   two   years   (Figure 

,)    3.J3 

Herpes  virus  infection  of  the  corneal  stroma 
frequently  produces  irreversible  structural  alteration 
and  scarring  of  the  cornea.  Special  staining  with 
hybrid  antibodies  and  immuno-electron  microscopic 
studies  show  that  once  a  cell  has  been  infected  by 
HSV,  its  membrane  is  altered  by  incorporation  of 
part  of  the  viral  antigen.1415  The  body  no  longer 
recognizes  these  cells  as  its  own,  but  rather  as  a 
foreign  invader,  and  it  mobilizes  an  often  severe 
destructive  immune  inflammatory  reaction  against 
the  cornea,  even  in  the  absence  of  intact  virus.  This 
frequently  results  in  blindness  in  the  affected  eye 
(Figure  2).  Corneal  transplantation  surgery  (kerato- 
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Figure  1.  Recurrent  herpes  simplex  viral  ulcers  spreading  across  the 
corneal  epithelium.  (Courtesy  of  Deborah  Pavan-Langston.  M.D.,  Depart- 
ment of  Ophthalmology,  Harvard  Medical  School.) 


Figure  2.  Deep  immune  herpes  simplex  viral  scarring  and  vascularization 
of  the  cornea.  (Courtesy  of  Deborah  Pavan-Langston,  M.D.,  Department 
of  Ophthalmology,  Harvard  Medical  School.) 


plasty)  remains  the  only  method  for  restoring  vision 
to  such  patients;  however,  this  treatment  may  fail 
because  of  recurrent  active  viral  replication  or 
immune  rejection  of  the  graft. 16 

In  addition  to  the  recognized  forms  of  ocular 
involvement  in  primary  and  recurrent  infection, 
herpes  simplex  virus  may  be  responsible  for  a  large 
number    of   cases    of   idiopathic    stromal    keratitis. 


uveitis,  secondary  glaucoma,  and  retinitis.  By  alter- 
ing corneal  structure  and  provoking  the  inflamma- 
tory response,  herpes  keratitis  predisposes  the  host 
to  severe  complications,  including  secondary  micro- 
bial infection,  permanent  endothelial  dysfunction, 
cataract,  secondary  glaucoma,  and  intolerance  to 
visual  devices  such  as  contact  or  intraocular  lenses. 
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/.  External  Ocular  Infections  and  Inflammatory  Disease 


A.  Herpes  Simplex 


New  information  has  been  discovered  about  cell 
and  circulating  antibody  types  present  during  var- 
ious phases  of  the  infection  that  is  relative  to 
antiviral  therapy  and  the  immunology  of  herpetic 
disease.  Nevertheless,  further  research  is  essential  to 
elucidate  the  exact  roles  played  by  the  virus  and 
various  components  of  the  immune  system  in  ocular 
herpes  infection.  Investigators  do  not  understand 
why  some  patients  develop  chronic  recurrent  or 
progressive  and  blinding  immune  herpetic  keratitis 
or  iritis,  while  others  have  only  short-term  superfi- 
cial infections  that  respond  to  antiviral  drugs  and 
have  no  sequelae.  It  is  not  known  why  some  patients 
who  respond  well  to  corticosteroid  or  antiviral 
therapy  can  stop  treatment  without  recrudescence 
of  disease,  while  others  must  be  held  in  a  constant 
state  of  local  immunosuppression  or  remain  on  anti- 
infective  medications  to  forestall  progression  of 
disease  or  recurrence  of  their  own  response  to  live 
virus  or  viral  antigen.  Nor  is  it  known  why  many 
ocular  herpes  patients  have  years  of  freedom  from 
recurrent  infection  or  immune  reaction  and  then 
suddenly  develop  one  or  both  of  these  debilitating 
conditions  with  no  apparent  triggering  mechanism. 

However,  it  is  clear  that  once  the  immune 
complex  (one  or  more  antibody  molecules  in  union 
with  one  or  more  antigen  molecules)  is  formed,  it 
can  activate  other  cellular  and  antibody  mediator 
systems  that  cause  tissue  damage  as  the  body  tries  to 
combat  the  foreign  substance.  Through  the  serum 
complement  system,  white  cells  of  the  myeloid 
series  (neutrophils,  eosinophils,  basophils,  and  plate- 
lets) become  activated,  then  degranulate  to  release 
histamine,  free  oxygen  radicals,  prostaglandins,  vas- 
odilator peptides,  macrophage  chemotactic  factor, 
and  enzymes  such  as  collagenase,  elastase,  and 
protease.  This  complicated  host  response  produces  a 
wide  range  of  effects  on  the  eye,  from  effective 
destruction  of  the  invading  virus  to  destruction  of 
the  corneal  or  iris  tissue  itself. 17 

Although  the  mechanics  of  the  immune  reaction 
are  understood,  investigators  do  not  yet  know 
which  components  of  the  host  reaction  to  herpes  are 
beneficial  and  which  are  detrimental.  They  do  not 
know  the  significance  of  inherited  factors  or  the 
meaning  of  specific  interactions  of  host  products 
with  viral  antigens  found  in  the  eye.  Nor  have  they 
developed  techniques  for  controlling  destructive 
reactions  safely  and  effectively  or  enhancing  those 
that  are  beneficial. 14151819  Although  corticosteroid 
drugs  are  effective,  their  use  entails  significant  risk 
including  increased  herpetic  replication,  secondary 
microbial  infection,  enhancement  of  stromal  melt- 
ing, secondary  glaucoma,  and  cataract  formation. 
The  potential  efficacy  and  safety  of  nonsteroidal 
anti-inflammatory  agents,  including  the  prostaglan- 
din inhibitors  and  histamine  antagonists,  are  yet  to 
be  established.  ,32°-22 


As  in  the  past,  the  eye  continues  to  serve  as  the 
best  model  for  elucidating  the  pathogenesis  of 
herpes  simplex  infection  and  developing  effective 
methods  to  prevent  and  cure  this  disease.  Because  of 
its  lack  of  blood  vessels  and  relatively  simple 
cellular  patterns,  the  cornea  can  be  studied  in  vivo 
or  cultured  in  vitro  more  easily  than  most  other 
tissues.  Virtually  all  the  antiviral  drugs  now  com- 
mercially available  and  those  being  tested  for  the 
treatment  of  generalized  herpetic  viral  disease  were 
originally  tested  and  proved  in  the  eye.  The  possible 
therapeutic  use  of  new  antiviral  drugs,  interferon, 
mechanisms  of  host  defense,  and  viral  latency  and 
recurrence  are  best  studied  in  the  eye. 23  Substantial 
information  already  has  been  attained  by  using 
ocular  models.  Knowledge  derived  from  such  stud- 
ies will  continue  to  provide  a  key  to  understanding 
herpes  simplex  infection,  not  only  of  the  eye,  but  of 
the  skin,  central  nervous  system,  and  genitourinary 
tract.  Most  important,  such  studies  may  reveal  the 
possible  relationship  of  herpes  virus  to  cancer  of  the 
uterine  cervix  and  other  organs.  The  products  of 
this  research  thus  will  benefit  not  only  ophthalmol- 
ogy but  dermatology,  internal  medicine,  otolaryn- 
gology, pediatrics,  obstetrics  and  gynecology,  and 
oncology.  This  research  will  also  contribute  to 
progress  in  the  general  fields  of  immunology, 
epidemiology,  toxicology,  and  international  health. 


AREA 
OBJECTIVES 


To  elucidate  further  the  respective  and  interact- 
ing roles  of  herpes  simplex  virus  and  host  factors 
in  primary  and  recurrent  epithelial,  stromal, 
endothelial,  and  uveal  diseases  caused  by  infec- 
tions and  immunologic  mechanisms. 

To  investigate  mechanisms  of  herpetic  neuronal 
latency  and  the  relationship  of  latency  to  herpes 
viral  strains  and  patterns  of  disease;  and  develop 
further  techniques  for  reactivation  and  suppres- 
sion of  neuronal  reservoirs  of  chronically  recur- 
rent disease. 

To  develop  more  effective,  specific,  and  safe 
topical  and  systemic  therapeutic  drugs  to  prevent 
recurrent  viral  infections  and  enhance,  amelio- 
rate, or  block  the  resulting  immunologic  re- 
sponse. 
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OVERVIEW  OF  CURRENT 
RESEARCH  SUPPORT 

In  FY  1981,  a  total  of  42  grants  involving  study  of 
external  ocular  infections  and  inflammatory  diseases 
were  funded  by  the  National  Eye  Institute  at  a  total 
cost  of  $4,320,000.  Of  these,  21  were  concerned 
exclusively  with  herpes  simplex,  and  others  includ- 
ed studies  of  herpes  as  part  of  larger  projects 
dealing  with  viral  or  chlamydial  infections.  The 
largest  percentage  of  funding  was  for  studies  of:  the 
function  of  live  herpes  simplex  virus  (HSV)  and 
antigenic  products  in  disease,  host  inflammatory 
response  to  the  virus,  host  factors  in  recurrent 
disease,  and  neuronal  factors  responsible  for  viral 
ganglionic  (neuronal)  latency  and  its  role  in  recur- 
rent disease.  Less  funding  was  available  for  develop- 
ing antiviral  drug  therapy  for  ocular  and  ganglionic 
herpes  using  multiple  routes  of  administration.  No 
major  National  Eye  Institute  funding  was  awarded 
for  the  study  of  mechanisms  triggering  viral  shed- 
ding or  gaining  an  understanding  of  neuronal  and 
cell-mediated  immunity  through  modification  of  the 
host  response. 

Related  research  supported  by  other  organiza- 
tions included  several  grants  and  contracts  support- 
ed by  the  National  Institute  of  Allergy  and  Infec- 
tious Diseases,  1  grant  from  the  National  Institute  of 
Dental  Research  on  iontophoresis  of  antiviral  drugs, 
one  from  the  National  Institute  of  Neurological  and 
Communicative  Disorders  and  Stroke  on  the  patho- 
genesis of  corneal  and  ganglionic  herpes  infection, 
and  1  small  grant-in-aid  from  Fight  for  Sight,  Inc., 
on  the  immunologic  response  to  herpes  virus  infec- 
tion. 

A  few  NEI-funded  studies  were  concerned  with 
the  development  and  evaluation  of  new  antiviral 
drugs.  Although  current  therapy  for  most  forms  of 
herpetic  infection  in  man  is  inadequate,  many  of  the 
advances  that  have  been  made  have  emerged  from 
ocular  research  and  are  discussed  under  Recent 
Accomplishments.  These  drugs  have  virtually  revo- 
lutionized the  treatment  of  ocular  herpetic  disease, 
but  they  vary  in  efficacy  and  are  often  toxic, 
causing  complications  such  as  punctate  keratitis, 
cicatricial  conjunctivitis,  true  allergic  reaction,  or 
emergence  of  clinically  resistant  strains. 

These  problems  have  changed  the  emphasis  in 
antiviral  drug  development  toward  avoiding  toxic 
side  effects  while  maintaining  therapeutic  efficacy. 
Highly  productive  studies  funded  both  by  NEI  and 
industry,  now  under  way  in  both  the  laboratory  and 
the  clinic,  are  investigating  new  antiherpetic  drugs 
that  act  on  infected  cells  alone.  This  research 
involves  development  and  study  of  compounds  such 
as  acyclovir,  bromovinyldeoxyuridine,  aminodeoxy- 
uridine,  and  aminodeoxythymidine,  all  of  which  are 
specifically  activated  by  herpes  virus-induced  thy- 


midine kinase.  Active  only  in  cells  carrying  the 
virus,  they  bypass  normal  tissues  because  these 
tissues  lack  the  viral  activating  enzyme.  The  topical 
efficacy  of  these  and  other  drugs  (thymine  arabino- 
side,  diacetyl  idoxuridine,  fluoroaracytosine,  and 
phosphonoacetic  acid)  in  acute  ocular  and  periocu- 
lar (skin)  infections  are  being  studied  as  are  the 
effects  of  systemic  administration  on  latent  gang- 
lionic viral  reservoirs,  the  source  of  recurrent 
infections.  Although  an  effect  of  systemic  and 
topical  drugs  on  the  latent  neuronal  virus  has  been 
discovered,  it  is  transient.  Mechanisms  for  inducing 
viral  reactivation  to  a  drug-susceptible  state  and 
appropriate  drug  dosage  regimens  are  yet  to  be 
established.24"30 

Other  NIH-funded  studies  on  this  key  issue  of 
viral  neuronal  latency  involve  elucidating  the  nature 
and  mechanisms  of  latency  and  reactivation. 


RECENT 
ACCOMPLISHMENTS 

Numerous  landmark  advances  in  determining  the 
pathogenesis  and  therapy  of  herpes  simplex  infec- 
tions have  been  made  by  vision  research  scientists 
during  the  past  two  decades. 

Ophthalmic  investigators  have  a  unique  opportu- 
nity not  only  to  prevent  disabling  eye  disease  but 
also  to  design  new  applications  of  enormous  impor- 
tance to  medicine  as  a  whole.  The  first  successful 
application  of  a  drug  in  the  control  of  any  human 
viral  infection  was  achieved  in  1962  with  the 
introduction  of  idoxuridine 31  for  therapy  of  ocular 
herpes.  This  event  stimulated  extensive  research 
into  other  antiviral  agents,  ultimately  resulting  in 
Food  and  Drug  Administration  approval  of  two 
additional  drugs  for  ocular  disease:  vidarabine 
(adenine  arabinoside)  and  trifluorothymidine. 3Z33 
The  former,  initially  evaluated  for  ocular  disease,  is 
now  also  approved  for  use  systemically  in  the 
treatment  of  human  herpetic  encephalitis.  Another 
drug,  acyclovir,  also  tried  initially  in  ocular  herpes, 
has  proved  so  effective  and  nontoxic  that  it  is  being 
widely  investigated  as  both  a  topical  and  systemic 
agent  for  the  therapy  of  herpetic  infection  of  the 
skin,  genitalia,  and  brain.2427"29'34'35  Because  of  its 
excellence  as  a  model  of  herpetic  disease,  the  HSV- 
infected  eye  continues  to  be  used  as  a  key  labora- 
tory screening  device  for  a  number  of  new  antiviral 
agents  now  being  developed  and  evaluated. 

Immune  responses  to  herpes  virus  play  a  major 
role  in  producing  various  destructive  corneal  condi- 
tions, including  necrotizing  keratitis,  immune  rings, 
vasculitis,  and  disciform  edema.  The  pathogenesis  of 
these  herpetic  disease  manifestations  is  still  incom- 
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pletely  understood,  but  new  data  have  emerged 
recently  from  studies  of  animal  models  and  human 
corneal  transplant  specimens.  Intact  virus  is  found 
only  occasionally,  but  persistent  incomplete  viral 
antigens  and  viral  alteration  of  cell  membranes  in 
the  corneal  stroma  stimulate  local  inflammatory 
reactions  involving  programmed  host  lymphocytes, 
antiviral  antibodies,  serum  complement,  polymor- 
phonuclear cells,  and  macrophages. 1415  The  extent 
to  which  the  host  inflammatory  response  benefits 
the  eye  by  eliminating  viral  antigens  from  the 
cornea,  as  opposed  to  destroying  the  matrix,  is  not 
yet  understood.  It  is  likely  that  inflammation  may  be 
involved  simultaneously  in  both  processes.  Learning 
how  to  separate  these  two  functions  and  to  know 
the  appropriate  time  to  use  anti-inflammatory  agents 
before  irreversible  damage  to  the  cornea  ensues 
would  be  important  accomplishments. 

Host  factors,  some  of  which  are  hereditary  (HLA 
type),  systemic  immune  diseases  (eczema)  and  other 
forms  of  immune  incompetence  and  immunohyper- 
activity,  long  have  been  believed  to  play  a  role  in 
the  nature  and  severity  of  reaction  to  herpetic 
antigen.  Although  two  recent  studies  of  HLA  type 
have  been  of  particular  interest,  their  results  are 
contradictory:  one  reported  a  positive  and  the  other 
a  negative  correlation  with  the  severity  of  HSV 
infection. 18-19  Learning  how  to  identify  the  high-risk 
patient  would  greatly  enhance  the  management  of 
ocular  disease  as  well  as  that  of  herpetic  infections 
elsewhere  in  the  body. 

The  ocular  damage  caused  by  herpes  infection  is 
largely  due  to  its  chronic  recurrent  pattern.  With 
each  attack,  more  permanent  damage  may  occur. 
An  important  discovery  with  far-reaching  implica- 
tions was  that  latent  herpetic  reservoirs,  which  are 
the  source  of  recurrent  HSV  infections,  exist  in 
deep-seated  neuronal  tissues. 23-36-37  These  tissues 
encompass  the  sensory  ganglia  near  the  base  of  the 
brain  and  spinal  column,  sympathetic  ganglia  in  the 
neck,  and  the  mesencephalic  nucleus  in  the  brain 
stem;  other  sites  may  yet  be  discovered.  Vision 
scientists  developed  the  first  in  vivo  experimental 
system  for  reliably  reactivating  latent  HSV  infec- 
tions, making  it  possible  to  study  the  process  by 
which  latent  HSV  infection  becomes  active.38-39 
This  advance  may  lead  eventually  to  the  develop- 
ment and  testing  of  treatments  to  eliminate  latent 
HSV  infections  and  recurrences  and  thereby  cure 
herpes  infections  of  the  eye,   skin,   and  genitalia. 

Concerning  the  nature  and  mechanisms  of  latency 
and  reactivation,  two  major  theories  under  investi- 
gation propose  that  the  virus  exists  in  (1)  a  dynamic 
state  in  which  latently  infected  cells  contain  slowly 
replicating  virus  unable  to  induce  recurrent  disease 
unless  the  host  becomes  permissive,30,40  and  (2)  a 
static  state  in  which  herpes  is  harbored  in  cells 
where  replication  of  the  viral  genome  is  totally  but 
reversibly  interrupted.40-41  In  support  of  the  former 


theory,  viral  thymidine  kinase  has  been  found  in 
latently  infected  ganglia  of  mice  up  to  eight  weeks 
postinoculation,  suggesting  that  at  least  a  portion  of 
the  viral  genome  is  being  continuously  expressed 
during  latency.  In  favor  of  the  latter  theory,  viral 
messenger  RNA  has  been  found  in  the  trigeminal 
ganglia  (ocular  fibers)  of  mice  during  acute  but  not 
latent  infection.  Thus,  the  genome  also  may  exist  as 
a  nonreplicating,  truly  latent  entity. 

Resolution  of  these  disparate  findings  is  essential 
if  therapy  is  to  be  based,  in  part,  on  using  virus- 
induced  enzymes  to  activate  drugs.  A  fundamental 
weakness  is  the  lack  of  a  reliable,  practical  model  of 
viral  reactivation.  Although  various  forms  of  drug 
and  mechanical  stress  have  been  tried,  until  recently 
all  models  were  cumbersome  or  variable  in  re- 
sults.38-39  Induced  reactivation  is  critical  to  further 
progress  in  many  areas  of  herpetic  research,  yet 
there  is  no  specific  support  for  the  development  of 
better  models. 

Although  latent  neuronal  virus  is  beyond  the 
reach  of  topical  drugs,  recent  studies  have  indicated 
that  (1)  systemically  administered  medications  have 
at  least  a  transient  effect  in  reducing  the  levels  of 
latent  virus  in  the  neurons  and  (2)  techniques  for 
consistent  reactivation  of  the  latent  virus  to  the 
drug-susceptible  state  combined  with  appropriate 
treatment  with  new  drugs  may  have  an  even  greater 
effect. 28  Studies  of  various  viral  strains  have  also 
indicated  that  some  herpes  strains  may  be  prone  to 
cause  recurrent  or  severe  disease,  whereas  others 
rarely,  if  ever,  are  recurrent  and  thus  cause  minimal 
disease  after  the  primary  infection. 34  These  findings 
suggest  that  biologic  derivatives  of  the  mild  strains 
or  a  recombinant  DNA-altered  strain  in  the  form  of 
a  vaccine  may  be  used  to  block  subsequent  infection 
by  a  more  devastating  recurrence-prone  organism. 35 

A  better  understanding  of  the  biology  of  latent 
and  recurrent  herpes  in  the  eye  would  help  to 
eliminate  recurrent  cold  sores  and  venereal  herpes, 
herpes  zoster,  and  other  recurrent  viral  diseases,  and 
probably  would  clarify  the  link  between  herpes  and 
cancer. 


RESEARCH  NEEDS 
AND  OPPORTUNITIES 

A  paramount  research  need  in  this  subprogram  is 
for  histopathologic,  histochemical,  pathogenetic, 
and  immunologic  characterization  of  various  forms 
of  ocular  herpes  in  animal  and  human  models. 
Among  the  most  promising  animal  models  are  those 
involving  mice,  particularly  for  delineation  of  T- 
lymphocyte   subsets.    At   a   National    Eye   Institute 
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sponsored  workshop  on  Immunology  of  the  Eye,  held 
in  1980,  the  following  recommendation  was  made: 
In  herpes  simplex  virus  infection,  where  studies 
involving  human  or  rabbit  models  have  not  been 
especially  productive  in  separating  virus  suppression 
from  the  noxious  effects  of  the  inflammatory  re- 
sponse, it  is  especially  necessary  to  have  well-defined 
reproducible  animal  models.  Reagents  are  available 
which  can  readily  separate  subsets  of  murine  lym- 
phocytes on  the  basis  of  their  membrane  antigens 
into  those  which  are  involved  in  delayed  hypersensi- 
tivity phenomena,  killer  cells,  helper  cells,  and 
suppressor  cells.  It  is  evident  that  studies  of  HSV 
ocular  disease  would  greatly  benefit  from  our  ability 
to  adoptively  immunize  genetically  defined  mouse 
strains  with  particular  subsets  of  T-cells  in  order  to 
distinguish  protective  from  damaging  cell  constitu- 
ents. 42 

The  recompense  for  establishing  murine  herpetic 
keratitis  as  a  reproducible  animal  model  system 
would  be  high  for  investigators  interested  in  the 
pathogenesis  and  treatment  of  this  disease. 

The  recent  discovery  of  the  major  histocompati- 
bility complex  (MHC)  containing  the  "super-gene" 
regulator  of  the  immune  response  to  foreign  anti- 
gens opens  a  vast  unexplored  area  for  study  of  the 
immune  phases  of  herpetic  disease.  The  MHC 
controls  the  interactions  of  various  lymphocyte 
types  with  one  another  and  with  scavenger  cells.  At 
the  same  time,  it  regulates  the  interaction  of  these 
cells  with  antigens  such  as  herpes  virus.  Somewhere 
in  this  rapidly  expanding  field  of  study,  the  basis  of 
resistance  or  susceptibility  to  infection,  and  of 
rejection  or  acceptance  of  corneal  transplants,  will 
be  identified. 

The  synthesis  of  hybridoma  cells  (fused  malignant 
myeloma  cells  and  single  programmed  lympho- 
cytes) capable  of  producing  large  quantities  of 
antibody  programmed  against  a  specific  viral  or 
cellular  antigenic  determinant  is  another  revolution- 
ary tool  that  is  still  unexploited  in  the  field  of 
herpetic  research.  Antibody  to  a  viral  antigen, 
conjugated  with  a  drug  effective  against  the  virus 
could  bypass  all  normal  tissues  and  deliver  the  drug 
to  its  specific  target.  Similarly,  the  purification  and 
mass  tissue  culture  of  human  killer  T-lymphocytes 
programmed  against  highly  specific  viral  or  cellular 
antigenic  targets  are  now  possible.  Once  in  circula- 
tion, such  killer  cells  would  selectively  seek  out  and 
destroy  their  targets,  again  bypassing  all  normal  or 
beneficial  tissue  components. 43 

Recombinant  DNA  technology  is  yet  another 
area  waiting  to  be  explored  for  potential  use  in 
herpes  research.  The  mass  production  of  interferon, 
an  effective  physiologic  antiviral  glycoprotein,  al- 
ready has  been  achieved  using  this  new  technology. 
Laboratory  and  clinical  testing  of  this  material  is  yet 
to  be  carried  out.  Recombinant  DNA  methodology 
is  also  ideally  suited  for  the  production  of  large 
amounts  of  pure  herpetic  antigen  for  use  in  vaccines 


which  would  be  free  of  sensitizing  protein  impuri- 
ties. This  could  lead  to  safe  multivalent  vaccination 
against  herpes  viruses.  Such  vaccination  could  be 
given  early  in  life,  before  natural  latent  infection 
with  live  virus  could  be  established.  The  immune 
response  to  the  vaccine  would  provide  lifelong 
protection  against  all  types  of  herpes. 43 

Studies  also  should  be  performed  in  vitro  and  in 
animal  models  to  correlate  infectious  and  immune 
disease  produced  in  the  laboratory  by  various  virus 
strains  with  the  disease  in  humans.  These  models 
would  also  aid  study  of  herpetic  stromal  melting, 
denervation,  and  ulceration  (see  Chapter  2,  "Ocular 
Surface  Problems")  and  the  nature  and  role  of 
various  enzymes;  they  would  also  be  valuable  in 
exploring  new  medical  and  surgical  approaches  to 
arrest  or  reverse  the  epithelial,  stromal,  and  endo- 
thelial processes. 

Clinical  investigations  should  include  longitudinal 
studies  to  characterize  and  measure  local  and 
systemic  infectious  and  immune  factors  in  groups  of 
patients  who  have  well-defined  forms  of  herpetic 
keratitis:  infectious  epithelial  (recurrent  and  nonre- 
current), infectious  stromal,  immune  stromal,  and 
endothelial  disease.  Such  studies  might  include 
identifying  and  correlating  virus  strains  with  initial 
infection,  recurrence  patterns  of  systemic  and  tear 
immunoglobulins,  systemic  and  tear-specific  IgG 
and  IgA  antiherpetic  antibodies,  and  lymphocyte 
and  macrophage  subpopulations  including  cyto- 
toxic, helper,  suppressor,  adherent  suppressor,  and 
natural  killer  cells.  The  responses  of  these  cell 
populations  to  specific  (viral-induced)  and  nonspe- 
cific (nonviral)  stimulation  should  be  characterized 
further.  Established  and  new  techniques  should  be 
used  to  determine  not  only  the  relationship  of  host 
factors  to  varied  forms  of  HSV  disease  but  also  the 
factors  that  are  predictive  of  its  subsequent  clinical 
course.  The  roles  of  live  HSV  virus,  virus  antigen 
and  cell  products,  as  well  as  host  inflammatory 
responses  in  the  production  of  secondary  viral 
uveitis,  should  be  determined  during  the  course  of 
such  research,  and  the  role  of  anti-inflammatory 
agents  in  treatment  should  be  evaluated. 

Characterization  of  these  multiple  interacting 
factors  and  understanding  their  roles  in  HSV  ocular 
disease  can  be  achieved  only  through  the  combined 
efforts  of  research  ophthalmologists,  immunologists, 
virologists,  pathologists,  epidemiologists,  and  ge- 
neticists. The  clinical  significance  of  such  informa- 
tion would  be  considerable. 

Further  evaluation  of  the  neuronal  and  viral 
factors  responsible  for  herpetic  latency  is  also 
critical.  Better  animal  models  for  study  of  induced 
reactivation,  viral  shedding,  and  recurrent  disease 
must  be  developed.  This  would  facilitate  the  study 
of  host  immunologic  influence  and  viral  factors  such 
as  the  correlation  of  biological  and  biochemical 
characteristics  of  different  herpes  strains  with  clini- 
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cal  disease,  ganglionic  latency,  and  the  effects  on 
the  host  system.  The  possibility  that  one  viral  strain 
may  influence  the  ability  of  a  second  to  colonize 
neuronal  centers  should  be  considered. 

It  should  be  possible  to  prevent  recurrences  of 
ocular  herpes  infection  once  its  inciting  factors  are 
understood.  It  has  now  been  determined  that  intact 
virus  reaches  the  neuronal  ganglia  within  a  few 
hours  to  two  days  after  infection, 28  so  it  may  not  be 
possible  to  prevent  spread  of  the  virus  to  the 
reservoir.  However,  it  may  be  possible  to  eliminate 
the  virus  from  the  reservoir  if  systemic  therapy  with 
antiviral  agents  capable  of  acting  at  the  level  of  the 
neuron  and  a  reliable  and  safe  means  of  activating 
the  virus  to  a  drug-susceptible  state  were  developed. 
Another  approach  is  prevention  of  viral  release 
from  the  neuron,  which  would  involve  manipulation 
of  drugs  and  host  response  to  the  herpes  virus.  This 
approach  would  include  methods  to  retain  the 
benefits  of  cell-mediated  and  systemic  immune 
responses  without  inducing  the  harmful  sequelae  of 
an  inflammatory  response.  Interferon  offers  promise 
in  this  regard,  as  it  does  for  topical  use  to  prevent 
active  recurrent  ocular  disease.  Studies  of  this  kind 
require  research  ophthalmologists,  virologists,  phar- 
macologists, and  immunopathologists  engaged  in 
laboratory  and  clinical  investigations. 

The  development  of  more  effective  methods  of 
treating  infectious  ocular  herpes  is  an  important 
research  need.  Early  rapid  diagnosis  and  elimination 
of  the  infectious  agent  from  the  eye  with  antiviral 
drugs  are  imperative  to  prevent  multiplication  and 
spread  of  virus,  promote  rapid  healing  of  corneal 
ulcers,  minimize  the  chances  of  subsequent  corneal 
melting,  reduce  or  prevent  stromal  penetration  of 
viral  antigen  that  serves  as  the  inciting  factor  in 
subsequent  immune  reaction,  and  inhibit  the  retro- 
grade spread  of  virus  up  the  nerves  to  the  neuronal 
reservoirs.  Highly  specific,  nontoxic  drugs  must  be 
developed  and  evaluated  for  their  efficacy  in  all 
these  applications.  These  drugs  should  be  investigat- 
ed for  topical  and  systemic  use  as  therapeutic  agents 
in  herpetic  keratouveitis  and  ganglionic  latency, 
using  cocultivation,  cell  dispersion,  and  other  inno- 
vative tissue  culture  techniques  combined  with 
immunohistochemical  techniques  and  light  and  elec- 
tron microscopy.  The  mechanisms  of  action  of 
selective  antiherpetic  drugs  as  well  as  the  develop- 
ment of  viral  resistance  to  them  should  be  studied. 
Some  of  the  highly  specific  antiviral  agents  such  as 
2  '-fluoro-5-methyl-ara-U  and  2  '-fluoro-5-iodo-ara-C 
are  less  toxic  and  more  potent  than  currently 
available  commercial  drugs.  The  value  of  drug 
regimens  using  combinations  of  the  new  specific 
antivirals  should  be  investigated. 

There  is  a  great  need  for  further  development  and 
evaluation  of  immunotherapy  of  ocular  herpetic 
disease.  Corticosteroids  are  the  only  class  of  anti- 
inflammatory  agent    in   widespread    use,    yet   their 


efficacy  in  suppressing  destructive  immune  forces  is 
often  counterbalanced  by  undesirable  side  effects. 
Nonsteroidal  anti-inflammatory  agents  such  as 
flurbiprofen  and  indocin  as  well  as  histamine 
blockers  like  cimetidine  may  be  free  of  some  of 
these  side  effects,  but  no  drug  has  yet  been  found  to 
be  completely  effective  and  devoid  of  side  ef- 
fects. 21,22  Further  evaluation  of  these  drugs,  includ- 
ing combinations  of  nonsteroidal  with  low  levels  of 
steroidal  agents,  as  well  as  interferon  and  other 
newly  described  immunostimulator  agents  is 
needed.  Such  research  would  involve  laboratory 
and  clinical  investigation  over  a  5-  to  10-year  period 
to  assess  long-term  sequelae.  Again,  collaborative 
efforts  are  required  among  ophthalmologists,  immu- 
nologists,  pharmacologists,  and  virologists. 

An  exciting  new  area  of  study  in  ocular  herpes  is 
the  development  of  vaccines.  Recent  studies  have 
suggested  that  herpes  attenuated  with  acyclovir  has 
the  potential  of  blocking  subsequent  neuronal  colo- 
nization by  a  second  more  virulent  strain  without 
causing  recurrent  disease  itself. 44  Infection  with  a 
benign  virus  or  vaccination  with  viral  subunits  or 
glycoprotein  derivatives  before  age  five  may  pre- 
vent later  colonization  by  strains  of  herpes  that 
cause  disease. 34 

Use  of  recombinant  DNA  techniques  should 
allow  physiologic  manipulation  of  herpetic  chromo- 
somal segments  to  produce  an  antigenically  pure 
and  safe  vaccine,  and  to  "fingerprint"  viral  nucleic 
acid,  a  highly  accurate  means  of  differentiating 
strains  of  virus. 43  Correlation  of  these  chromosomal 
maps  with  ocular  disease,  susceptibility  to  therapeu- 
tic agents,  and  oncogenicity  of  the  strain  will  yield 
valuable  clinical  information. 

Discovery  of  the  major  histocompatibilty  com- 
plex and  its  role  in  immunoregulation  and  the 
development  of  monoclonal  antibody-producing  hy- 
bridomas  are  two  major  aspects  of  immunologic 
research  that  have  yet  to  be  achieved  in  research  on 
ocular  herpetic  disease.  The  application  of  recent 
knowledge  and  new  investigative  tools  in  the 
dynamic  field  of  immunology  to  the  excellent  ocular 
herpes  model  of  immunologic  disease  offers  a  highly 
promising  and  potentially  fruitful  opportunity  for 
study. 43 


RECOMMENDATIONS 


Based  on  the  foregoing  assessment  of  recent  accom- 
plishments, current  activities,  and  research  needs 
and  opportunities  in  "Herpes  Simplex,"  the  Panel 
has  made  the  following  recommendations  concern- 
ing research  in  this  area  over  the  next  five  years. 
These  have  been  grouped  under  two  headings: 
Program  Base  and  Program  Development  Priorities. 
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The  Program  Base  includes  areas  of  ongoing 
research  where  the  current  level  of  activity  is 
considered  adequate,  or  areas  of  ongoing  research  in 
which  there  may  be  great  need  for  additional 
activity,  but  where,  in  the  Panel's  judgment,  little  or 
no  opportunity  (new  methods  or  insights)  exists  at 
present  to  justify  a  significant  expansion  of  effort. 
Nonetheless,  additional  applications  for  research 
grants  in  these  areas  may  be  funded  if  they  are 
innovative  and  of  very  high  quality  as  determined 
by  the  NIH  peer  review  system. 

Program  Development  Priorities  include  areas  of 
ongoing  research  in  which  new  knowledge  and 
techniques  offer  particular  opportunities  for  scientif- 
ic progress,  or  promising  new  areas  of  research  in 
which  there  is  little  or  no  support  at  present  but 
where  there  is  both  great  need  and  high  potential 
for  success.  Such  areas  are  judged  to  warrant 
significantly  increased  support  over  the  next  five 
years,  provided  that  high  quality  applications  for 
research    grants   in    these   areas   are   forthcoming. 


DNA    techniques    to    manipulate    the    herpetic 
immune  response. 


RESOURCE 
REQUIREMENTS 

After  reviewing  current  research  grant  support  in 
each  of  these  categories  and  assessing  the  need  and 
potential  for  future  development,  the  Panel  has 
estimated  the  number  of  projects  it  believes  are 
needed  to  carry  out  its  recommendations  in  FY 
1983.  These  estimates  are  shown  in  the  table  on  the 
following  page.  For  a  discussion  of  the  general  basis 
and  significance  of  these  projections,  see  the  "Sum- 
mary" at  the  beginning  of  this  report. 


Program  Base 

■  Define  the  roles  of  live  herpes  simplex,  herpetic 
antigen,  and  the  antigenic  alteration  of  corneal 
cellular  membranes  in  superficial  and  deep  corne- 
al disease. 

■  Modify  host  response  to  HSV  by  defining  hu- 
moral and  cell-mediated  immunity,  enhance  the 
beneficial  effects  and  prevent  harmful  sequelae  of 
the  inflammatory  response  by  developing  safe, 
effective  steroidal  and  nonsteroidal  anti-inflam- 
matory and  immunopotentiating  agents. 

Program  Development  Priorities 

■  Characterize  ocular  and  systemic  infectious  and 
immune  factors  in  HSV  disease,  correlate  biologi- 
cal and  biochemical  characteristics  of  herpetic 
strains  in  well-defined  forms  of  ocular  herpes, 
develop  better  and  more  rapid  diagnostic  tech- 
niques, and  determine  which  factors  predict 
clinical  course  and  suggest  appropriate  therapy. 

■  Determine  the  neuronal  and  viral  factors  contrib- 
uting to  herpetic  latency  and  the  mechanisms  that 
trigger  viral  reactivation  and  shedding. 

■  Develop  highly  specific,  nontoxic  antiviral  drugs 
for  topical  and  systemic  use  in  treating  infectious 
keratouveitis  and  in  preventing  recurrent  disease 
by  eliminating  latent  neuronal  virus. 

■  Investigate  the  use  of  attenuated  or  mild  nonre- 
currence-prone  herpetic  strains  in  development 
of  vaccines  and  their  effect  on  latency. 

■  Investigate  the  use  of  monoclonal  antibodies, 
programmed     lymphocytes,     and     recombinant 


B.  HERPES  ZOSTER 

INTRODUCTION 

Herpes  zoster  (shingles),  the  virus  that  is  responsible 
for  chicken  pox  (varicella),  causes  approximately  7 
percent  of  all  skin  disease,  a  significant  portion  of 
which  involves  the  eye.  It  is  most  frequently  seen  in 
middle-aged  adults,  and  results  in  loss  of  time  from 
work,  frequent  physicians'  office  visits,  and  ex- 
tended hospitalization.  Common  ocular  complica- 
tions are  chronic  corneal  epithelial  and  stromal 
ulceration,  recurrent  epithelial  and  stromal  keratitis, 
anesthetic  cornea,  secondary  microbial  infection, 
uveitis,  glaucoma,  and  cataract.  Corneas  scarred  by 
zoster,  unlike  those  affected  by  simplex,  are  rarely 
amenable  to  successful  transplantation  surgery  be- 
cause of  poor  healing  ability,  lid  abnormalities,  and 
epithelial  and  tear  dysfunction.  In  addition,  excruci- 
ating postherpetic  neuralgic  pain  may  prolong  the 
need  for  medical  care  and  incapacitate  a  patient  for 
life.  Zoster  patients  have  a  four  times  higher 
incidence  of  cancer  than  the  general  population.  In 
these  and  other  debilitated  zoster  patients,  dissemi- 
nation of  infection  may  cause  severe  central  nervous 
system  complications  and  even  death. 13  Understand- 
ing the  pathogenesis  and  therapy  of  the  infectious 
and  immune  components  of  ocular  zoster  would 
greatly  enhance  understanding  of  this  disease  by 
neurologists,  internists,  pediatricians,  immunologists, 
and  oncologists. 
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No.  of  Grants  Panel  Recommendation  FV  83 


FY  1981 Add.  Grants  Total  Grants 


Program  Base 

A.  Define  the  role  of  live  herpes  simplex,  herpetic 
antigen,  and  the  antigenic  alteration  of  corneal  cellular 
membranes  in  superficial  and  deep  corneal  disease. 

B.  Modify  host  response  to  HSV.  Develop  better  anti- 
inflammatory and  immunopotentiating  agents. 

Program  Development  Priorities 

A.  Characterize  infectious  and  immune  factors  in  defined 
forms  of  herpes,  develop  better  diagnostic  techniques, 
and  determine  factors  predictive  of  clinical  course  and 
appropriate  therapy. 

B.  Determine  the  neuronal  and  viral  factors  in  herpetic 
latency  and  the  mechanisms  that  trigger  viral  reactiva- 
tion and  shedding. 

C.  Develop  highly  specific,  nontoxic  antiviral  drugs  for 
treating  keratouveitis  and  in  preventing  recurrent 
disease. 

D.  Investigate  the  use  of  attenuated  or  mild 
nonrecurrence-prone  herpetic  strains  in  development  of 
vaccines  and  their  effect  on  latency. 

E.  Investigate  the  use  of  monoclonal  antibodies, 
programmed  lymphocytes,  and  recombinant  DNA 
techniques  to  manipulate  the  herpetic  immune 
response. 

Subtotal  Grants  21 


7  28 

(13) 


(°7o  of  Program)  (13)  (J31 

Total  Estimated  Cost  $2,153,000  $843,000  $2,996,000 


*  Includes  one  single-center  clinical  trial:   Ocular  Herpes 
Simplex. 


AREA  '  To     establish     treatments     for     infectious     and 

nRTPr,TT\/CC  immune  phases  of  the  disease. 

■  To  develop  a  reproducible  animal  model  system 
for  herpes  zoster. 

■  To  define  the  role  of  herpes  zoster  and  host 
response  in  periocular  disease,  keratouveitis,  and 
neuralgia. 
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OVERVIEW  OF  CURRENT 
RESEARCH  SUPPORT 

No  studies  on  ocular  herpes  zoster  were  supported 
by  the  National  Eye  Institute  or  any  other  national 
organizations  in  FY  1981. 


infection  have  yet  to  be  developed  and  evaluated. 
The  role  of  histamine  blockers,  discovered  only 
recently,  needs  confirmation  and  their  anti-inflam- 
matory and  antiviral  action  should  be  evaluated. 
This  research  would  require  the  efforts  of  clinical 
ophthalmologists,  immunologists,  virologists,  phar- 
macologists, and  pathologists. 


RECENT 
ACCOMPLISHMENTS 


In  rare  instances,  zoster  can  produce  chronic  recur- 
rent infectious  eruptions  on  the  cornea,  yet  studies 
to  date  have  failed  to  establish  a  source  or  pathway 
for  this  recurrent  disease.  There  is  evidence  that  (1) 
circulatory  varicella-zoster  antibodies  contribute  to 
the  development  of  disease  and  (2)  lymphocytic 
attack  results  in  scarring  of  the  nerves,  which  causes 
subsequent  neuralgia.  1345  Vidarabine  or  acyclovir 
administered  systemically  shorten  the  persistence  of 
virus  in  cutaneous  lesions,  but  they  do  not  affect  the 
overall  outcome  of  the  disease  process. 1335  Cortico- 
steroids are  effective  in  controlling  both  the  acute 
and  chronic  inflammatory  responses,  however,  they 
may  produce  side  effects  which  include  dissemina- 
tion of  virus,  corneal  melting  (see  Chapter  2, 
"Ocular  Surface  Problems"),  secondary  glaucoma 
and  microbial  infection,  and  cataract. 13  Cimetidine, 
a  histamine  receptor  antagonist,  recently  was  re- 
ported to  provide  rapid  relief  of  pain  and  skin 
eruption  from  zoster. 22 


RESEARCH  NEEDS 
AND  OPPORTUNITIES 


RECOMMENDATIONS 

Based  on  the  foregoing  assessment  of  recent  accom- 
plishments, current  activities,  and  research  needs 
and  opportunities  in  "Herpes  Zoster,"  the  Panel  has 
made  the  following  recommendations  concerning 
research  in  this  area  over  the  next  five  years.  These 
have  all  been  designated  as  Program  Development 
Priorities  and  include  areas  of  ongoing  research  in 
which  new  knowledge  and  techniques  offer  particu- 
lar opportunities  for  scientific  progress,  or  promis- 
ing new  areas  of  research  in  which  there  is  little  or 
no  support  at  present  but  where  there  is  both  great 
need  and  high  potential  for  success.  Such  areas  are 
judged  to  warrant  significantly  increased  support 
over  the  next  five  years,  provided  that  high  quality 
applications  for  research  grants  in  these  areas  are 
forthcoming. 

Program  Development  Priorities 

■  Develop  a  satisfactory  animal  model  for  evalua- 
tion of  zoster  infection  and  testing  new  treat- 
ments. 

■  Develop  and  evaluate  new  antiviral  and  anti- 
inflammatory therapy  for  use  in  acute  ophthalmic 
zoster. 


The  lack  of  an  accurate,  reliable  animal  model  has 
substantially  slowed  progress  toward  understanding 
the  pathogenesis  of  acute  and  chronic  zoster  (re- 
gardless of  its  location  in  the  body)  and  the 
development  of  appropriate  antiviral  and  anti-in- 
flammatory treatments.  There  is  a  great  need  to 
define  the  role  of  replicating  virus,  the  existence  of 
different  strains,  and  the  influence  of  host  response 
in  adnexal,  conjunctival,  scleral,  corneal  epithelial, 
stromal  uveal,  and  neuronal  disease. 

Although  both  topical  and  systemic  corticoster- 
oids are  employed  clinically  in  therapy  of  the 
disease,  no  well-controlled  human  study  has  been 
conducted  to  indicate  their  appropriate  role  in 
zoster  therapy.  Similarly,  the  usefulness  of  antiviral 
drugs  has  not  been  established,  and  drugs  effective 
for  specific  therapy  of  infectious  or  chronic  viral 


RESOURCE 
REQUIREMENTS 

After  reviewing  current  research  grant  support  in 
each  of  these  categories  and  assessing  the  need  and 
potential  for  future  development,  the  Panel  has 
estimated  the  number  of  projects  it  believes  are 
needed  to  carry  out  its  recommendations  in  FY 
1983.  These  estimates  are  shown  in  the  following 
table.  For  a  discussion  of  the  general  basis  and 
significance  of  these  projections,  see  the  "Sum- 
mary" at  the  beginning  of  this  report. 
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RESOURCE  TABLE 


B.  HERPES  ZOSTER 


No.  of  Grants 
FY  1981 


Panel  Recommendation  FY  83 


Add.  Grants 


Total  Grants 


Program  Development  Priorities 

A.  Develop  a  satisfactory  animal  model  for  evaluation  of 
zoster  infection  and  testing  new  treatments. 

B.  Develop  and  evaluate  antiviral  and  anti-inflammatory 
therapy  for  use  in  acute  ophthalmic  zoster. 

Subtotal  Grants 
(%  of  Program) 

Total  Estimated  Cost 


0 
(0) 


2 
(4) 

$214,000 


2 
(1) 

$214,000 


C.  ADENOVIRUS 
AND  ENTEROVIRUS 

INTRODUCTION 

Adenovirus,  the  most  frequent  cause  of  epidemic 
ocular  disease,  primarily  attacks  adults  and  results  in 
significant  distress  and  loss  of  productivity  and 
disruption  of  places  of  work,  educational  institu- 
tions, and  recreational  facilities.  The  ocular  route  of 
infection  may  lead  to  diseases  in  other  organs;  in 
children,  disseminated  infection  can  be  fatal.  Adeno- 
virus type  12  produces  cancer  in  laboratory  animals, 
and  enterovirus  has  caused  epidemics  of  hemorrhag- 
ic conjunctivitis  throughout  the  world.13,46  Im- 
proved knowledge  of  adenovirus  infections  and  the 
immune  responses  to  them  as  well  as  the  epidemi- 
ologic mechanisms  involved  in  ocular  adenoviral 
disease  would  greatly  enhance  the  understanding  of 
the  disease's  systemic  manifestations  and  lead  to 
improved  means  of  therapy. 


AREA 
OBJECTIVES 


To  develop  a  reproducible  animal  model  system 
for  ocular  adenovirus  infection. 

To  determine  the  pathogenic  role  of  adenovirus 
and  host  response  to  it  in  ocular  tissues  and 
develop  new  techniques  for  prevention  and  treat- 
ment of  infection. 

To  learn  more  about  the  epidemiology  of  adeno- 
viral and  enteroviral  diseases,  particularly  as  they 
affect  the  eye. 


OVERVIEW  OF  CURRENT 
RESEARCH  SUPPORT 

One  study  of  adenoviral  disease  was  funded  by  the 
National  Eye  Institute  in  this  subprogram  in  FY 
1981  at  a  total  cost  of  $130,000.  Other  research 
projects  related  to  adenoviral  disease  were  support- 
ed as  a  small  part  of  larger  projects.  These  included 
study  of  the  biologic,  immunologic,  and  epidemiolo- 
gic features  of  the  human  disease;  an  electron 
microscopic  study  of  clinical  scrapings;  and  an  in 
vitro  model  of  adenoviral  infection. 
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RECENT 
ACCOMPLISHMENTS 

Serological  studies  have  shown  that  the  risk  of 
adenovirus  infection  in  this  country  is  related  to  low 
levels  of  protective  antibodies.  It  is  now  recognized 
that  many  types  of  virus  can  produce  a  similar  type 
of  ocular  disease:  recently  adenovirus  type  19  was 
identified  as  an  ocular  pathogen  and  the  agent  of 
acute  hemorrhagic  conjunctivitis  was  isolated.  New 
applications  of  group  antisera  and  immunofluores- 
cent  antibody  techniques  have  provided  the  poten- 
tial for  a  rapid  method  of  laboratory  confirmation  of 
adenoviral  conjunctivitis,  which  may  be  confused  in 
the  clinic  with  herpes  simplex  and  chlamydial 
conjunctivitis. 

There  is  no  effective  agent  for  preventing  either 
transmission  of  adenoviral  disease  or  progression  of 
ocular  sequelae.  However,  clinical  investigations 
have  substantiated  the  impression  that  topical  corti- 
costeroids may  suppress  the  late  corneal  complica- 
tions of  adenoviral  infection. 13,46 


RESEARCH  NEEDS 
AND  OPPORTUNITIES 


RECOMMENDATIONS 

Based  on  the  foregoing  assessment  of  recent  accom- 
plishments, current  activities,  and  research  needs 
and  opportunities  in  "Adenovirus  and  Enterovirus," 
the  Panel  has  made  the  following  recommendations 
concerning  research  in  this  area  over  the  next  five 
years.  These  have  all  been  designated  as  Program 
Development  Priorities  and  include  areas  of  on- 
going research  in  which  new  knowledge  and  tech- 
niques offer  particular  opportunities  for  scientific 
progress,  or  promising  new  areas  of  research  in 
which  there  is  little  or  no  support  at  present  but 
where  there  is  both  great  need  and  high  potential 
for  success.  Such  areas  are  judged  to  warrant 
significantly  increased  support  over  the  next  five 
years,  provided  that  high  quality  applications  for 
research    grants   in    these   areas   are    forthcoming. 

Program  Development  Priorities 

■  Develop  a  reliable  animal  model  to  study  the 
ocular  pathogenesis  of  acute  adenoviral  infection 
and  its  sequelae. 

■  Evaluate  new  antiviral  and  anti-inflammatory 
agents  for  therapy  of  human  ocular  adenoviral 
infections. 


A  reliable  animal  model  is  needed  that  can  be  used 
to  evaluate  both  viral  and  host  response  factors  in 
ocular  disease  and  to  test  therapeutic  agents.  The 
improved  treatment  of  adenoviral  conjunctivitis  and 
curtailment  of  its  transmission  require  the  practical 
application  of  simple  fluorescent  antibody  testing 
and  the  development  of  other  techniques  to  aid  in 
the  early  diagnosis  of  this  disease.  In  such  efforts, 
collaboration  between  virologists  and  clinical  inves- 
tigators is  mandatory. 

It  is  important  to  develop  effective  antiviral 
therapy;  investigations  could  be  linked  with  studies 
of  herpes  simplex  and  herpes  zoster  viruses.  Re- 
search should  include  investigation  of  new  antime- 
tabolites and  other  antiviral  drugs  and  evaluation  of 
the  effects  of  new  steroidal  and  nonsteroidal  anti- 
inflammatory agents  on  the  course  and  outcome  of 
adenoviral  disease.  Interdisciplinary  collaborations 
among  ophthalmologists,  immunologists,  patholo- 
gists, virologists,  and  pharmacologists  are  needed  in 
this  work. 

The  development  of  an  effective  vaccine  to 
prevent  ocular  adenoviral  infection  is  possible. 
However,  this  effort  is  of  a  lower  order  of  priority 
than  the  above  because  the  disease  is  not  progres- 
sive and  runs  a  limited  course,  and  the  estimated 
developmental   costs  of  such   a  vaccine  are  high. 


RESOURCE 
REQUIREMENTS 

After  reviewing  current  research  grant  support  in 
each  of  these  categories  and  assessing  the  need  and 
potential  for  future  development,  the  Panel  has 
estimated  the  number  of  projects  it  believes  are 
needed  to  carry  out  its  recommendations  in  FY 
1983.  These  estimates  are  shown  in  the  following 
table.  For  a  discussion  of  the  general  basis  and 
significance  of  these  projections,  see  the  "Sum- 
mary" at  the  beginning  of  this  report. 
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RESOURCE  TABLE 


C.  ADENOVIRUS  AND  ENTEROVIRUS 


No.  of  Grants 
FY  1981 


Panel  Recommendation  FY  83 


Add.  Grants 


Total  Grants 


Program  Development  Priorities 

A.  Develop  a  reliable  animal  model  to  study  the  ocular 
pathogenesis  of  acute  adenoviral  infection  and  its 
sequelae. 

B.  Evaluate  new  antiviral  and  anti-inflammatory  agents 
for  therapy  of  human  ocular  adenoviral  infections. 

Subtotal  Grants 
(%  of  Program) 

Total  Estimated  Cost 


1 

(1) 

$130,000 


2 
(4) 

$191,000 


3 

(1) 

$321,000 


D.  BACTERIAL  AND 
FUNGAL  KERATITIS 

INTRODUCTION 


The  normal  cornea  is  protected  against  bacterial  and 
fungal  infection  by  an  intact  epithelial  surface. 
Disruption  of  this  surface,  by  injury  or  contact  lens 
abrasion,  for  instance,  predisposes  the  eye  to  inva- 
sion by  a  variety  of  microorganisms  (see  Chapter  2, 
"Ocular  Surface  Problems").  The  likelihood  of 
infection  is  enhanced  by  factors  that  alter  local  and 
systemic  defense  mechanisms;  for  example,  abnor- 
mal tear  function,  corticosteroid  therapy,  diabetes 
mellitus,  and  advanced  age. 

The  most  common  causes  of  bacterial  keratitis  in 
the  United  States  are  the  Micrococcaceae  (Staphylo- 
coccus, Micrococcus),  Streptococcus  species,  Pseudo- 
monas  species,  and  the  Enterobacteriaceae  group, 
including  Enterobacter,  Klebsiella,  Proteus.  Through 
the  action  of  tissue-destructive  enzymes  and  other 
substances,  Pseudomonas  aeruginosa  is  the  most 
virulent  corneal  pathogen.  This  organism,  a 
common  cause  of  ocular  nosocomial  infections,  is  a 
frequent  contaminant  of  various  solutions  used  in 
the  care  of  contact  lenses.  Pseudomonas  keratitis  is 
characterized  by  rapidly  progressive  stromal  suppu- 
ration and  corneal  perforation  (Figure  3). 

The  most  prevalent  fungi  are  yeasts  such  as 
Candida,  and  the  filamentous  saprophytes  such  as 
Aspergillus,    Curvularia,   and   Fusarium    (Figure   4). 


Among  the  keratomycoses,  F.  solani  is  the  most 
destructive  organism;  it  commonly  infects  eyes  of 
young,  healthy  agricultural  workers  after  simple 
corneal  injury. 

Bacterial  and  fungal  infections  of  the  cornea 
produce  severe  ocular  pain,  tearing,  and  reduction 
in  vision,  all  of  which  interfere  with  daily  activity. 
Therapy  may  be  prolonged  and  generally  requires 
hospitalization.  Despite  elimination  of  the  responsi- 
ble organism  by  effective  antibiotics,  stromal  scar- 
ring frequently  produces  severe  visual  impairment. 
Although  its  annual  incidence  cannot  be  determined 
precisely,  it  is  likely  that  suppurative  microbial 
keratitis  accounts  for  a  major  portion  of  office  visits 
and  hospitalizations  currently  attributed  to  keratitis 
in  the  United  States.  Excluding  refractive  errors  and 
trauma,  approximately  5  percent  of  office  visits  for 
eye  care  in  the  United  States  in  1976  were  necessi- 
tated by  some  form  of  keratitis. 

Although  ophthalmologists  are  aware  of  the 
predisposing  factors  and  clinical  signs  of  microbial 
keratitis,  ideal  methods  of  laboratory  diagnosis  and 
medical  therapy  have  not  been  defined.  Microbiolo- 
gists are  not  uniformly  familiar  with  the  special 
techniques  of  obtaining  and  processing  corneal 
specimens.  Standard  procedures  for  testing  for 
antibiotic  susceptibility  are  not  applicable  to  select- 
ing antibiotics  to  be  administered  by  topical  applica- 
tion and  periocular  injection.  The  limited  availabil- 
ity of  ophthalmic  formulations  of  antibacterial  and 
antifungal  drugs  necessitates  improvisation  in  pre- 
paring them  for  ocular  use.  The  efficacy  and  safety 
of  using  corticosteroids,  nonsteroidal  anti-inflamma- 
tory agents,   and  other  drugs  in  the  treatment  of 
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Figure  3.  Pseudomonas  aeruginosa  keratitis  in  a  16-year-old  boy,  48  hours 
following  corneal  injury.  Slit  illumination  (right)  demonstrates  the  dense 
stromal  suppuration  and  edema.  (Courtesy  of  Deborah  Pavan-Langston, 
M.D..  Department  of  Ophthalmology,  Harvard  Medical  School.) 


various  ocular  infections  have  not  been  determined. 
Guidelines  are  needed  for  their  indications.  Also, 
special  techniques  are  required  for  penetrating 
keratoplasty  and  other  surgical  procedures  for 
managing  suppurative  keratitis  that  fails  to  respond 
to  medical  therapy. 

Despite  advances  gained  through  studies  of  non- 
ocular  infections,  basic  and  clinical  research  on 
corneal  infections  must  utilize  methods  relevant  to 
the  unique  structure,  physiology,  inflammatory  re- 
sponses, and  immune  mechanisms  of  the  cornea. 
These  investigations  require  collaborative  efforts 
with  scientists  working  in  other  areas  of  corneal 
research,  such  as  the  ocular  surface,  tear  function, 
drug  delivery,  stromal  injury  and  repair,  and  aging. 
The  cornea  is  an  ideal  model  for  developing 
practical,  rapid  techniques  for  detecting  microor- 
ganisms and  microbial  antigens,  which  could  be 
utilized  in  various  areas  of  medicine.  Elucidation  of 
the  pathogenesis  of  microbial  keratitis  would  con- 
tribute to  the  understanding  and  therapy  of  other 
forms  of  keratitis  and  other  suppurative  ocular 
infections,  such  as  exogenous  and  endogenous  en- 


dophthalmitis. The  cornea  also  provides  an  ideal 
system  for  determining  the  efficacy  and  toxicity  of 
new  antimicrobial  compounds  and  for  appraising 
the  role  of  corticosteroids  and  other  immunosup- 
pressive agents  in  ocular  infectious  diseases. 


AREA 
OBJECTIVES 


To  define  the  harmful  and  beneficial  effects  of 
corneal  inflammation  and  develop  methods  for 
controlling  the  destructive  components  thereof  in 
bacterial  and  fungal  keratitis. 

To  establish  rapid,  practical,  and  reliable  tech- 
niques for  detecting  microorganisms  and  micro- 
bial substances  in  cornea  tissue  and  understand 
their  destructive  mechanisms. 
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Figure  4.  Candida  albicans  keratitis  in  a  45-year-old  man  with  atopic 
keratoconjunctivitis.  Complication  of  corticosteroid  therapy.  Slit  illumina- 
tion (right)  demonstrates  the  dense  area  of  fungal  suppuration.  (Courtesy 
of  Deborah  Pavan-Langston,  M.D.,  Department  of  Ophthalmology, 
Harvard  Medical  School.) 


To  develop  new  techniques  of  drug  delivery 
which  provide  sustained,  high  concentrations  of 
effective  agents  within  the  cornea,  and  develop 
new,  highly  potent,  and  safe  antimicrobial  agents, 
which  can  be  administered  by  multiple  routes. 

To  develop  effective  methods  for  preventing 
microbial  keratitis  in  relatively  high-risk  condi- 
tions; for  example,  following  corneal  injury, 
contact  lens  wear,  corticosteroid  therapy  of 
nonmicrobial  keratitis,  and  corneal  exposure  in 
hospitalized  patients  with  sepsis. 


OVERVIEW  OF  CURRENT 
RESEARCH  SUPPORT 

In  FY  1981,  the  National  Eye  Institute  supported 
nine  projects  concerned  exclusively  with  the  patho- 
genesis and  therapy  of  bacterial  and  fungal  keratitis, 
at  a  total  cost  of  $702,000.  The  objectives  of  these 


investigations  included  understanding:  the  mecha- 
nisms of  corneal  destruction  by  Pseudomonas  aeru- 
ginosa and  Serratia  marcescens;  the  corneal  response 
to  P.  aeruginosa  in  the  normal  and  immunosuppress- 
ed  animal;  the  cellular,  tissue,  and  hormonal  factors 
that  may  be  responsible  for  age-related  susceptibility 
of  P.  aeruginosa  keratitis  in  rats;  the  effect  of  active 
and  passive  immunization  against  bacterial  exotox- 
ins; the  effect  of  various  antibacterial  and  antifungal 
antibiotics  on  infection  in  animal  models  (rats, 
guinea  pigs,  and  rabbits);  and  the  role  of  corticoster- 
oids in  the  management  of  microbial  suppuration. 
Five  additional  grants  supported  studies  of  the 
basic  mechanisms  of  ocular  infection  and  immunity 
with  potential  application  to  defining  the  pathogene- 
sis of  infectious  keratitis.  These  include:  elucidation 
of  the  role  of  complement  in  bacterial  and  fungal 
keratitis;  determination  of  the  significance  of  popu- 
lations and  subpopulations  of  lymphocytes  in  blood 
and  tissue  in  staphylococcal  keratitis;  understanding 
the  role  of  secretory  IgA  in  the  preocular  tear  film 
and  ocular  tissues;  examining  the  significance  of 
protease  inhibitors  in  tears  in  inflammation,  corneal 
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vascularization,  and  wound  healing;  and  defining 
the  effect  of  microbial  cytolysins  on  erythrocytes 
and  other  tissues. 

Two  grants  supported  investigations  of  the  ocular 
pharmacokinetics  of  antibacterial  and  antifungal 
antibiotics  following  various  routes  of  administra- 
tion, including  intravitreal  injection,  continuous 
slow-release  perfusion,  and  systemic  administration. 
Another  study  investigated  the  age-related  dosage 
modification  of  topically  applied  ophthalmic  drugs. 
Data  derived  from  these  investigations  should  con- 
tribute to  establishing  optimal  therapeutic  strategies 
in  microbial  keratitis. 

Although  currently  funded  research  will  advance 
knowledge  of  the  pathogenesis  and  therapy  of 
bacterial  and  fungal  keratitis,  additional  investiga- 
tions are  required  to  meet  the  Subprogram  Objec- 
tives. These  studies  should  concentrate  on  defining 
and  controlling  the  harmful  effects  of  the  corneal 
response  to  infection,  establishing  methods  of  block- 
ing destructive  microbial  substances,  developing 
new  techniques  of  immunodiagnosis,  and  devising 
new    methods    of   drug    delivery    to    the    cornea. 


RECENT 
ACCOMPLISHMENTS 


effective  in  in  vitro  models,  their  efficacy  in 
suppurative  keratitis  has  not  been  determined. 

The  role  of  corticosteroids  in  controlling  the 
harmful  effects  of  corneal  inflammation  has  been 
further  defined. 57  Animal  studies  of  S.  aureus  and  P. 
aeruginosa  keratitis  have  implied  that  topical  corti- 
costeroids do  not  interfere  with  the  bactericidal 
activity  of  antibiotics  to  which  the  organisms  are 
sensitive; 58,59  however,  other  studies  have  suggested 
that  corticosteroids  prolong  replication  of  the  re- 
sponsible organism  and  delay  wound  healing.  60  The 
efficacy  of  corticosteroids  and  nonsteroidal  anti- 
inflammatory agents  in  human  microbial  keratitis 
has  not  been  established. 

Animal  trials  have  substantiated  the  efficacy  of 
frequent  instillation  of  highly  concentrated  antibiot- 
ic drops  in  P.  aeruginosa  and  5.  aureus  keratitis,  a 
finding  previously  implied  by  clinical  reports.59-61 
Other  studies  have  helped  in  defining  the  relative 
effectiveness  of  the  principal  routes  of  drug  delivery 
in  controlling  bacterial  keratitis.62-64  New  antibac- 
terial antibiotics  have  been  evaluated  in  animal 
models  and,  to  a  limited  degree,  in  human  keratitis. 
Based  on  animal  and  clinical  trials  of  efficacy  and 
safety,  the  first  ophthalmic  antifungal  agent,  nata- 
mycin,  was  approved  by  the  FDA.65'66  Other  new 
antifungal  compounds,  such  as  miconazole  and 
ketoconazole,  are  undergoing  clinical  trials. 


Major  accomplishments  in  this  area  include  the 
recognition  of  the  role  of  saprophytic,  "nonviru- 
lent"  organisms  in  suppurative  keratitis  and  the 
concept  that  any  microorganism  can  infect  the 
cornea  if  local  and  systemic  defense  mechanisms  are 
altered.  Practical  and  reliable  methods  of  laboratory 
diagnosis  have  been  developed.  The  increased  abili- 
ty to  predict  the  organisms  responsible  for  disease 
now  enables  selection  of  specific  media  for  their 
primary  isolation  from  corneal  material.  The  limulus 
lysate  test  has  been  adapted  for  detecting  endotoxins 
of  gram-negative  bacteria  in  corneal  scrapings, 
permitting  the  initiation  of  specific  antibiotic  ther- 
apy against  these  virulent  organisms. 47-48 

The  role  of  microbial  exotoxins  and  endotoxins  in 
corneal  destruction  has  been  further  elucidated. 49 
The  virulence  of  P.  aeruginosa  and  other  organisms 
is  due  in  part  to  the  endotoxins  and  exotoxins  they 
produce,  such  as  hemolysin,  exotoxin  A,  and  pro- 
teases.50-54  Bacterial  endotoxins  may  be  important 
stimulators  of  the  alternate  complement  pathway 
and  chemotaxis  in  the  cornea. 55  In  addition,  investi- 
gations have  shown  that  endogenous  collagenase 
participates  in  the  pathogenesis  of  microbial  kerati- 
tis. 56  Collagenase  is  produced  directly  or  indirectly 
by  the  epithelium,  keratocytes,  or  polymorphonu- 
clear leukocytes  in  response  to  injury  or  inflamma- 
tion. Although  collagenase  blocking  substances  are 


RESEARCH  NEEDS 
AND  OPPORTUNITIES 

To  meet  the  Subprogram  Objectives,  a  variety  of 
research  project  grants  should  be  developed 
through  collaboration  of  microbiologists,  immunol- 
ogists,  biochemists,  pharmacologists,  pathologists, 
and  clinical  investigators.  Models  of  bacterial  and 
fungal  keratitis  should  be  established  in  genetically 
controlled  animals  to  isolate  the  events  of  chemo- 
taxis, polymorphonuclear  leukocyte  activity,  and 
release  of  endogenous  collagenase.  New  techniques 
of  enzyme-linked  immunosorbant  assay,  radioim- 
mune  assay,  monoclonal  antibody  labeling,  separa- 
tion of  cell  subpopulations,  autoradiography,  and 
drug  delivery  should  be  utilized  in  the  investiga- 
tions. Methods  should  be  established  for  obtaining 
and  utilizing  human  corneal  material  to  define  the 
structural,  biochemical,  and  immunological  compo- 
nents of  suppurative  keratitis. 

Collaborative  clinical  trials  should  be  designed  to 
determine  the  efficacy  and  safety  of  corticosteroids, 
nonsteroidal  anti-inflammatory  agents,  and  enzyme- 
blocking  substances.  Industry  should  be  encouraged 
to  develop  new  antimicrobial  and  anti-inflammatory 
compounds    and    assist    investigators    in    promptly 
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obtaining  such  materials  for  animal  and  clinical 
trials.  Consideration  should  be  given  to  establishing 
a  national  registry  of  cases  of  selected  types  of 
microbial  keratitis. 

Methods  should  be  developed  to  enhance  ex- 
change of  scientific  information  among  clinicians, 
clinical  investigators,  and  basic  research  scientists. 
Fellowship  opportunities  in  microbiology,  immunol- 
ogy, cell  biology,  and  pharmacology  should  be 
created  for  ophthalmologists  completing  residency 
training  programs  to  develop  their  capabilities  in 
these  important  areas  of  basic  and  clinical  research. 


RECOMMENDATIONS 

Based  on  the  foregoing  assessment  of  recent  accom- 
plishments, current  activities,  and  research  needs 
and  opportunities  in  "Bacterial  and  Fungal  Kerati- 
tis," the  Panel  has  made  the  following  recommenda- 
tions concerning  research  in  this  area  over  the  next 
five  years.  These  have  been  grouped  under  two 
headings:  Program  Base  and  Program  Development 
Priority. 

The  Program  Base  includes  areas  of  ongoing 
research  where  the  current  level  of  activity  is 
considered  adequate,  or  areas  of  ongoing  research  in 
which  there  may  be  great  need  for  additional 
activity,  but  where,  in  the  Panel's  judgment,  little  or 
no  opportunity  (new  methods  or  insights)  exists  at 
present  to  justify  a  significant  expansion  of  effort. 
Nonetheless,  additional  applications  for  research 
grants  in  these  areas  may  be  funded  if  they  are 
innovative  and  of  very  high  quality  as  determined 
by  the  NIH  peer  review  system. 

The  Program  Development  Priority  is  a  promis- 
ing new  area  of  research  in  which  there  is  little  or 
no  support  at  present  but  where  there  is  both  great 
need  and  high  potential  for  success.  This  area  is 
judged  to  warrant  significantly  increased  support 
over  the  next  five  years,  provided  that  high  quality 
applications  for  research  grants  in  this  area  are 
forthcoming. 


Program  Base 

■  Develop  safe,  practical  methods  of  delivering 
high  concentrations  of  potent,  effective  antibiot- 
ics to  corneal  tissue. 

■  Develop  safe  and  effective  therapy  to  prevent 
and  control  corneal  destruction  mediated  by  the 
host  inflammatory  response. 


Program  Development  Priority 

■  Establish  practical,  rapid,  and  reliable  methods 
for  detection  and  identification  of  microorgan- 
isms and  antigens  in  corneal  tissue. 


RESOURCE 
REQUIREMENTS 

After  reviewing  current  research  grant  support  in 
each  of  these  categories  and  assessing  the  need  and 
potential  for  future  development,  the  Panel  has 
estimated  the  number  of  projects  it  believes  are 
needed  to  carry  out  its  recommendations  in  FY 
1983.  These  estimates  are  shown  in  the  table  on  the 
following  page.  For  a  discussion  of  the  general  basis 
and  significance  of  these  projections,  see  the  "Sum- 
mary" at  the  beginning  of  this  report. 


E.  CHLAMYDIAL 
KERATO- 
CONJUNCTIVITIS 

INTRODUCTION 


Chlamydial  keratoconjunctivitis  is  both  an  acute 
and  chronic  ocular  infection  caused  by  the  agent 
Chlamydia  trachomatis.  In  the  United  States  and 
other  developed  countries,  infection  is  produced 
primarily  by  serotypes  D,  E,  F,  G,  H,  I,  J,  and  K, 
acquired  by  ocular  contact  with  infected  genital 
tract  secretions. 

Hyperendemic  or  blinding  trachoma  is  caused 
predominantly  by  serotypes  A,  B,  Ba,  and  C  in 
rural,  underdeveloped  regions  of  the  world,  espe- 
cially those  areas  which  lack  good  sanitation  and 
potable  water.  Trachoma  remains  the  leading  cause 
of  blindness  throughout  the  world,  affecting  some 
500  million  people  and  causing  blindness  in  approxi- 
mately 2  million.67-68  In  the  United  States,  active 
trachoma  exists  only  in  scattered  areas  within  the 
Southwest. 

Although  chlamydial  keratoconjunctivitis  rarely 
leads   to   visual    impairment   in   the   United    States, 
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RESOURCE  TABLE 

D.  BACTERIAL  AND  FUNGAL  KERATITIS 


No.  of  Grants 
FY  1981 


Panel  Recommendation  FY  83 


Add.  Grants 


Total  Grants 


Program  Base 

A.  Develop  safe,  practical  methods  for  delivering  high 
concentrations  of  potent,  effective  antibiotics  to  ocular 
tissues. 

B.  Develop  therapy  to  prevent  and  control  corneal 
destruction  mediated  by  the  host  inflammatory 
response. 

Program  Development  Priority 

A.  Establish  practical,  rapid,  and  reliable  methods  for 
detection  of  microorganisms  and  antigens  in  corneal 
tissue. 

Subtotal  Grants 
(%  of  Program) 

Total  Estimated  Cost 


9 

(6) 

$702,000 


3 
(6) 

$582,000 


12 
(6) 

$1,284,000 


adult  infection  frequently  causes  prolonged  discom- 
fort, temporary  visual  disability,  loss  of  work,  and 
high  medical  expense.  Approximately  60  percent  of 
women  and  40  percent  of  men  with  chlamydial 
conjunctivitis  have  concurrent  genital  infection. 67 
In  addition,  approximately  one-third  of  babies  born 
to  mothers  with  chlamydial  infection  of  the  genital 
tract  develop  chlamydial  conjunctivitis.  Recent 
surveys  have  suggested  that  chlamydial  cervicitis 
occurs  in  approximately  5  to  13  percent  of  pregnant 
women,  and  as  many  as  2  to  6  percent  of  newborns 
in  the  United  States  may  acquire  neonatal  chlamy- 
dial conjunctivitis.  67~69  Although  the  administration 
of  silver  nitrate  is  recommended  or  legally  required 
by  the  majority  of  States  for  prophylaxis  (crude)  of 
neonatal  conjunctivitis,  this  agent  does  not  ade- 
quately prevent  chlamydial  conjunctivitis. 70  New- 
borns also  are  at  risk  of  developing  chlamydial 
pneumonia,  which  requires  prolonged  hospitaliza- 
tion and  has  caused  deaths.71'72  In  an  estimated  3 
million  live  births  annually  in  the  United  States, 
42,000  cases  of  neonatal  inclusion  conjunctivitis  and 
24,000  cases  of  chlamydial  pneumonia  occur.67-73 
Studies  of  the  epidemiology,  pathogenesis,  role  of 
immunity,  and  therapy  of  chlamydial  keratocon- 
junctivitis in  all  age  groups  would  have  direct 
application  to  the  control  of  worldwide  trachoma 
and  chlamydial  infections  in  general. 


AREA 
OBJECTIVES 


To  define  the  role  of  local  and  systemic  immunity 
in  primary  infection  and  reinfection  by  C.  tracho- 
matis. 

To  develop  rapid,  practical,  and  reliable  methods 
for   diagnosing   chlamydial    keratoconjunctivitis. 

To  define  the  optimal  method  of  preventing 
neonatal  chlamydial  conjunctivitis  and  nonocular 
infections. 

To  develop  more  effective  antichlamydial  antibi- 
otics. 

To  define  the  role  of  concurrent  bacterial  infec- 
tion in  the  pathogenesis  of  chlamydial  keratocon- 
junctivitis. 
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OVERVIEW  OF  CURRENT 
RESEARCH  SUPPORT 

In  FY  1981,  the  National  Eye  Institute  supported 
seven  projects  on  the  pathogenesis  and  therapy  of 
chlamydial  ocular  infections  at  a  total  cost  of 
$879,000.  Several  studies  utilized  one  or  more 
animal  models  of  ocular  infection,  including  the 
guinea  pig,  rabbit,  and  monkey.  The  majority 
studied  the  role  of  immunity  in  the  pathogenesis  of 
infection.  Many  projects  included  studies  of  human 
ocular  infection,  and  one  was  directed  exclusively 
to  the  epidemiology  and  prevention  of  neonatal 
chlamydial  conjunctivitis.  In  addition,  one  project 
attempted  to  identify  type-specific  antigens  of  C. 
trachomatis  with  which  to  develop  sensitive  assays 
for  immunodiagnosis.  Additional  projects  in  chla- 
mydial basic  and  clinical  research  were  supported 
by  the  National  Institute  of  Allergy  and  Infectious 
Diseases  and  Division  of  Research  Resources  both 
of  the  National  Institutes  of  Health,  and  the  Indian 
Health  Service. 


RECENT 
ACCOMPLISHMENTS 


Recent  accomplishments  in  this  subprogram  include 
the  development  of  a  microimmunofluorescence 
typing  procedure  for  identifying  serotypes  of  Chla- 
mydia trachomatis. 74,75  This  advance  has  permitted 
definition  of  the  epidemiological  and  microbiologi- 
cal features  of  blinding  trachoma  and  paratrachoma 
or  chlamydial  keratoconjunctivitis.  New,  effective 
antichlamydial  antibiotics  have  been  identified  by  in 
vitro  studies  and  tested  in  clinical  trials.76"80  New 
forms  of  tetracycline,  such  as  doxycycline,  have 
reduced  the  requirement  for  frequently  adminis- 
tered, long-term  antibiotics. 78  Erythromycin  and 
rifampin  have  been  shown  to  be  potent  alternatives 
to  tetracycline  and  sulfonamides.  Elucidation  of  the 
pathogenesis  of  severe  keratoconjunctivitis  has  been 
aided  by  the  establishment  of  animal  models  of 
ocular  infection,  which  produce  chronic  conjuncti- 
vitis, conjunctival  scarring,  and  corneal  neovascu- 
larization similar  to  trachoma.  81~83 

The  incidence  and  significance  of  neonatal  chla- 
mydial conjunctivitis  have  been  further  defined,  and 
related  to  the  concurrence  of  pneumonia  and  other 
infections.71-73  The  significance  of  chlamydial  in- 
fections of  the  genital  tract  is  now  well-recognized; 
C.  trachomatis  is  the  most  common  cause  of  nongon- 
ococcal urethritis.  The  possibility  of  immunization 
in  preventing  infection  has  been  well-studied,  and 
although    an    effective    vaccine    has    not    yet    been 


developed,  new  information  has  been  obtained  on 
the  role  of  local  and  systemic  immunity. 84'85  Refine- 
ment of  the  McCoy  tissue  culture  method  has 
simplified  isolation  of  the  agent  and  permitted 
adoption  of  the  technique  by  virology  laborato- 
ries. 86 


RESEARCH  NEEDS 
AND  OPPORTUNITIES 

The  role  of  host  local  and  systemic  immunity  and 
other  factors,  such  as  bacterial  superinfection,  in  the 
pathogenesis  of  severe  keratoconjunctivitis  has  not 
been  defined.  The  significance  of  various  serotypes 
of  C.  trachomatis  relative  to  the  severity  of  ocular 
and  other  infections  is  not  understood. 

Methods  for  prompt  and  accurate  detection  of 
chlamydial  infection  remain  to  be  devised  or  ap- 
plied. New  opportunities  for  basic  research  on  the 
pathogenesis  of  keratoconjunctivitis  have  resulted 
from  recent  advances  in  microbiology  and  immunol- 
ogy. 

Although  practical  and  reliable  techniques  have 
been  developed  to  isolate  C.  trachomatis  from  ocular 
secretions,  these  techniques  are  not  uniformly  avail- 
able in  diagnostic  laboratories.  The  Giemsa  stain  for 
detection  of  intracytoplasmic  inclusions  is  falsely 
negative  in  approximately  50  percent  of  adults  with 
chlamydial  conjunctivitis.  Immunofluorescent  anti- 
body techniques  are  technically  difficult  and  not 
uniformly  reliable.  Therefore,  new  techniques  of 
immunodiagnosis  should  be  utilized  to  develop 
rapid  and  reliable  methods  for  diagnosing  chlamy- 
dial ocular  infections. 

Standardized  in  vitro  procedures  should  be  estab- 
lished for  screening  and  comparing  potential  anti- 
chlamydial antibiotics.  Consideration  should  be 
given  to  sponsoring  field  trials  and  clinical  studies  in 
areas  of  hyperendemic  trachoma  outside  the  United 
States.  Methods  should  be  developed  for  delivery  of 
constant,  effective  levels  of  local  and  systemic 
antibiotics  for  controlling  ocular  and  nonocular 
infections.  Nonhuman  primate  animal  models  of  C. 
trachomatis  keratoconjunctivitis  should  be  estab- 
lished to  elucidate  the  pathogenesis  of  the  disease, 
role  of  immunity,  and  optimal  chemotherapy.  Safe, 
effective  prophylaxis  of  neonatal  infection  is  manda- 
tory. 

Additional  projects  in  these  areas  should  be 
developed  through  a  collaboration  of  microbiolo- 
gists, immunologists,  epidemiologists,  public  health 
scientists,  and  clinical  investigators.  Because  of  the 
importance  of  this  area  of  research,  it  would  be 
desirable  to  train  additional  investigators  in  this 
field.  Individual  postdoctoral  training  opportunities 
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should  be  made  available  to  enable  microbiologists, 
laboratory  technicians,  and  clinical  investigators  to 
become  familiar  with  laboratory  methodology  in 
chlamydial  infections.  Postresidency  fellows  special- 
izing in  corneal  and  external  ocular  diseases  should 
be  encouraged  to  obtain  experience  in  the  epidemi- 
ology, laboratory  diagnosis,  and  chemotherapy  of 
hyperendemic  trachoma. 


RECOMMENDATIONS 

Based  on  the  foregoing  assessment  of  recent  accom- 
plishments, current  activities,  and  research  needs 
and  opportunities  in  "Chlamydial  Keratoconjuncti- 
vitis," the  Panel  has  made  the  following  recommen- 
dations concerning  research  in  this  area  over  the 
next  five  years.  These  have  been  grouped  under  two 
headings:  Program  Base  and  Program  Development 
Priority. 

The  Program  Base  includes  areas  of  ongoing 
research  where  the  current  level  of  activity  is 
considered  adequate,  or  areas  of  ongoing  research  in 
which  there  may  be  great  need  for  additional 
activity,  but  where,  in  the  Panel's  judgment,  little  or 
no  opportunity  (new  methods  or  insights)  exists  at 
present  to  justify  a  significant  expansion  of  effort. 
Nonetheless,  additional  applications  for  research 
grants  in  these  areas  may  be  funded  if  they  are 
innovative  and  of  very  high  quality  as  determined 
by  the  NIH  peer  review  system. 

The  Program  Development  Priority  is  an  area  of 
ongoing   research   in    which    new    knowledge   and 


techniques  offer  particular  opportunities  for  scientif- 
ic progress.  This  area  is  judged  to  warrant  signifi- 
cantly increased  support  over  the  next  five  years, 
provided  that  high  quality  applications  for  research 
grants  in  this  area  are  forthcoming. 

Program  Base 

■  Define  the  role  of  local  and  systemic  immunity  in 
chlamydial  keratoconjunctivitis. 

■  Prevent  neonatal  chlamydial  conjunctivitis,  pneu- 
monitis, and  other  nonocular  infections. 

Program  Development  Priority 

■  Develop   rapid,   practical,   and   reliable   methods 
for    diagnosis    of  chlamydial    ocular    infections. 


RESOURCE 
REQUIREMENTS 

After  reviewing  current  research  grant  support  in 
each  of  these  categories  and  assessing  the  need  and 
potential  for  future  development,  the  Panel  has 
estimated  the  number  of  projects  it  believes  are 
needed  to  carry  out  its  recommendations  in  FY 
1983.  These  estimates  are  shown  in  the  following 
table.  For  a  discussion  of  the  general  basis  and 
significance  of  these  projections,  see  the  "Sum- 
mary" at  the  beginning  of  this  report. 


RESOURCE  TABLE 


E.  CHLAMYDIAL  KERATOCONJUNCTIVITIS 


No.  of  Grants 
FY  1981 


Panel  Recommendation  FY  83 


Add.  Grants 


Total  Grants 


Program  Base 

A.  Define  the  role  of  local  and  systemic  immunity  in 
chlamydial  keratoconjunctivitis. 

B.  Prevent  neonatal  chlamydial  infections. 
Program  Development  Priority 

A.  Develop  rapid,  practical,  and  reliable  methods  for 
diagnosis  of  chlamydial  ocular  infections. 

Subtotal  Grants 
(%  of  Program) 

Total  Estimated  Cost 


7 
(4) 

$879,000 


1 
(1) 

-$23,000 


8 

(4) 

$856,000 
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F.  CHRONIC 
BLEPHARITIS 

INTRODUCTION 


Chronic  blepharitis  is  one  of  the  most  frequently 
encountered  disorders  in  the  practice  of  ophthal- 
mology. An  inflammatory  process  involving  the 
lids,  it  is  often  accompanied  by  inflammation  of  the 
conjunctiva  and  cornea.  Although  common,  the 
condition  is  poorly  understood  by  both  ophthalmol- 
ogists and  patients.  In  certain  types  of  chronic 
blepharitis,  there  appears  to  be  an  abnormality  in  the 
lipid  layer  of  the  tear  film; 87  however,  this  is  poorly 
understood  and  inadequately  documented.  Animal 
models  appear  to  differ  from  the  disease  in  man  and 
from  one  another,  making  it  impossible  to  extrapo- 
late   to    man    information    obtained    in    animals. 88 

The  exact  incidence,  prevalence,  and  cost  of 
chronic  blepharitis  are  unknown.  It  tends  to  be 
incurable,  resulting  in  prolonged  suffering,  many 
visits  to  physicians,  high  medical  costs,  and  loss  of 
productivity.  However,  it  rarely  leads  to  permanent 
loss  of  vision. 

Research  on  chronic  blepharitis  is  related  to  that 
in  other  Corneal  Diseases  subprograms,  including 
facets  of  research  on  infectious  disease,  ocular 
surface  diseases,  and  the  normal  and  abnormal 
composition  of  the  tear  film.  Common  areas  in  other 
disciplines  of  biomedical  research  include  derma- 
tology (especially  generalized  sebaceous  gland  dis- 
orders), infectious  diseases,  bacterial  enzymology, 
lipid  biochemistry,  and  surface  chemistry. 


AREA 
OBJECTIVE 


To  understand  the  pathogenesis  of  chronic  bleph- 
aritis and  its  commonly  associated  keratoconjunc- 
tivitis and  devise  better  therapy. 


OVERVIEW  OF  CURRENT 
RESEARCH  SUPPORT 

In  FY  1981,  only  two  National  Eye  Institute- 
supported  grants,  at  a  total  cost  of  $167,000,  were 
devoted  to  evaluating  chronic  blepharitis,  one  of 
which  involved  the  biochemical  analysis  of  meibo- 
mian secretions  in  normal  individuals  and  patients 
with  blepharitis.  No  other  agencies  support  chronic 
blepharitis  research.  Far  too  little  is  being  done  to 
elucidate  this  complex  and  heterogeneous  chronic 
disease  process. 


RECENT 
ACCOMPLISHMENTS 

Several  advances  have  been  made  in  this  field 
within  the  past  several  years,  including  the  delinea- 
tion of  an  association  between  chronic  blepharitis 
and  generalized  sebaceous  gland  dysfunction.87-8990 
Indirect  evidence  has  suggested  that  an  abnormality 
of  the  lipid  layer  of  the  tear  film  accompanying 
significant  meibomitis  might  explain  the  associated 
keratoconjunctivitis.81-85"87  No  pathogen  has  been 
isolated  consistently  from  most  patients  with  chron- 
ic blepharitis.8789"91  This  finding  suggests  that 
several  different  organisms  may  contribute  to  the 
disease  process  through  a  common  pathway  of 
lypolytic  exoenzymatic  activity,  which  could  alter 
the  meibomian  secretion  and  lipid  layer  of  the  tear 
film. 90-92  Several  laboratories  also  have  done  a  great 
deal  to  characterize  the  meibomian  lipids  in  ani- 
mals. 93-94  One  group  has  demonstrated  a  consider- 
able variability  in  the  normal  composition  of  meibo- 
mian secretions  in  man. 88  The  therapeutic  efficacy 
of  tetracycline  in  patients  with  meibomitis  associat- 
ed with  acne  rosacea  has  been  shown,91-95  but  the 
therapeutic  effect  does  not  appear  related  to  an 
antimicrobial  activity  of  tetracycline. 91 
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RESEARCH  NEEDS 
AND  OPPORTUNITIES 


Knowledge  about  chronic  blepharitis  is  surprisingly 
sparse.  The  nature  of  the  defect  that  predisposes 
patients  to  this  chronic  disease  is  not  understood, 
nor  is  it  certain  what  role,  if  any,  microorganisms 
have  in  the  initiation  or  perpetuation  of  the  disease 
process.  A  related  unanswered  basic  question  is 
what  is  the  normal  composition  of  both  the  lipid 
layer  of  the  tear  film  and  the  meibomian  secretions 
from  which  this  layer  is  derived?  96  With  this  vitally 
needed  information,  a  comparison  could  be  made  of 
the  composition  of  the  tear  film  from  patients  with 
various  types  of  chronic  blepharitis.  The  mechanism 
by  which  the  keratoconjunctivitis  associated  with 
the  blepharitis  is  produced  is  not  known,  nor  is  it 
clear  what  the  best  acute  and  chronic  treatments  are 
for  these  conditions.  The  traditional  morphologic 
classification  of  blepharitis,  devised  in  the  1930s  and 
1940s,97,98  seems  inadequate  and  needs  revision  in 
the  light  of  scientific  advances  of  the  1980s.90 
Other  research  needs  include  the  development  of 
appropriate  treatment  for  the  different  types  of 
chronic  blepharitis  and  of  animal  models  of  the 
different  types  of  chronic  blepharitis. 


years.  These  have  all  been  designated  as  Program 
Development  Priorities  and  include  areas  of  on- 
going research  in  which  new  knowledge  and  tech- 
niques offer  particular  opportunities  for  scientific 
progress,  or  promising  new  areas  of  research  in 
which  there  is  little  or  no  support  at  present  but 
where  there  is  both  great  need  and  high  potential 
for  success.  Such  areas  are  judged  to  warrant 
significantly  increased  support  over  the  next  five 
years,  provided  that  high  quality  applications  for 
research   grants   in    these   areas   are    forthcoming. 

Program  Development  Priorities 

■  Establish  the  composition  of  normal  tear  lipids 
and  meibomian  secretions  and  compare  these 
with  the  composition  of  samples  from  patients 
with  various  types  of  chronic  blepharitis. 

■  Determine  the  pathogenesis  of  chronic  blepharitis 
and  its  associated  keratoconjunctivitis  and  devel- 
op appropriate  therapeutic  modalities. 


RESOURCE 
REQUIREMENTS 


RECOMMENDATIONS 


Based  on  the  foregoing  assessment  of  recent  accom- 
plishments, current  activities,  and  research  needs 
and  opportunities  in  "Chronic  Blepharitis,"  the 
Panel  has  made  the  following  recommendations 
concerning  research  in  this  area  over  the  next  five 


After  reviewing  current  research  grant  support  in 
each  of  these  categories  and  assessing  the  need  and 
potential  for  future  development,  the  Panel  has 
estimated  the  number  of  projects  it  believes  are 
needed  to  carry  out  its  recommendations  in  FY 
1983.  These  estimates  are  shown  in  the  following 
table.  For  a  discussion  of  the  general  basis  and 
significance  of  these  projections,  see  the  "Sum- 
mary" at  the  beginning  of  this  report. 
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RESOURCE  TABLE 

F.  CHRONIC  BLEPHARITIS 

No.  of  Grants  Panel  Recommendalion  FY  83 

FY  1981  Add.  Grants  Total  Grants 

Program  Development  Priorities 

A.  Establish  the  composition  of  normal  tear  lipids  and  2  1  3 
meibomian  secretions  and  compare  these  with  the  com- 
position of  samples  from  patients  with  various  types  of 

chronic  blepharitis. 

B.  Determine  the  pathogenesis  of  chronic  blepharitis  and  0  1  1 
its  associated  keratoconjunctivitis  and  develop  ap- 
propriate therapeutic  modalities. 

Subtotal  Grants  2  2  4 

(%  of  Program)  (1)  (4)  (2) 

Total  Estimated  Cost  $167,000  $261,000  $428,000 
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SURFACE 

PROBLEMS 


MOST  EYE  CARE,  other  than  that  for  refractive 
errors,  is  usually  for  trauma,  inflammation,  and 
irritation  of  the  surface  of  the  eye.  Although  some 
of  these  cases  involve  specific  infectious  agents  (see 
Chapter  1,  "External  Ocular  Infections  and  Inflam- 
matory Disease"),  the  majority  are  secondary  to 
disturbances  of  the  surface  integrity,  the  etiology  of 
which  is  unknown  or  for  which  therapy  is  inad- 
equate. A  normal,  continuous  tear  film  and  a  normal 
ocular  surface  (Figure  1)  are  important  deterrents  to 
corneal  disease.  The  prevention  of  tear  film  and 
ocular  surface  abnormalities  would  greatly  reduce 
ocular  morbidity  as  well  as  medical  and  surgical 
costs  for  chronic,  debilitating,  and  sometimes  blind- 
ing conditions,  such  as  dry  eyes,  ocular  surface 
diseases,  and  trauma. 


Figure  1.  The  ocular  surface:  The  continuous  sheet  of  epithelium  and 
subjacent  tissues  which  line  the  back  of  the  lids,  the  fornices,  and  the 
anterior  surface  of  the  globe,  including  the  cornea.  (Courtesy  of  Richard 
A.  Thoft,  M.D.,  Department  of  Cornea  Research,  Eye  Research  Institute 
of  Retina  Foundation.) 

Also,  because  nearly  all  ocular  therapy  must  be 
applied  directly  to  the  eye  and  penetrate  through 


the  ocular  surface  to  affect  the  subjacent  tissues, 
delivery  of  drugs  to  and  their  interaction  with  the 
surface,  including  ocular  toxicity  and  allergy,  are 
important  areas  for  research. 


A.  TEAR  FILM  AND 
ITS  ABNORMALITIES 

INTRODUCTION 


The  tear  film  covering  the  surface  of  the  eye  is  in 
direct  contact  with  the  environment  as  well  as  the 
underlying  surface  cells.  It  is  critically  important  in 
protecting  the  eye  from  adverse  external  factors  and 
maintaining  the  health  of  the  underlying  cornea  and 
conjunctiva.  Numerous  diseases  adversely  affect  the 
tear  film,  causing  conditions  that,  in  turn,  affect  the 
cornea  and  conjunctiva.  Tear  abnormalities  may 
occur  as  primary  and  isolated  manifestations  of  eye 
disease,  or  may  accompany  other  ocular  or  systemic 
disease.  Adverse  effects  of  tear  film  abnormalities 
range  from  persistent  eye  irritation  to  severe  dis- 
comfort and  blindness. 

Although  exact  figures  are  not  available,  tear  film 
disturbances  account  for  eye  symptoms  in  millions 
of  Americans.  Such  conditions  result  from  environ- 
mental factors  (for  example,  smog  or  smoke), 
infections  and  inflammations,  lid  defects,  and  use  of 
medication.  The  personal,  social,  and  economic 
losses  associated  with  the  chronic  pain,  irritation, 
and  decreased  vision  secondary  to  tear  film  distur- 
bances are  significant,  although  these  conditions  are 
usually  not  blinding.  An  understanding  of  the  basic 
mechanisms  of  tear  film  formation,  maintenance, 
and  breakdown  is  essential  to  developing  therapy 
for  controlling  these  disorders. 

The  tear  film  is  the  major  refractive  interface  in 
the  eye  and  provides  ultrasmooth  lens  properties 
and  protection  to  the  ocular  surface.  A  multicompo- 
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nent  fluid  film,  about  7mm  thick,  it  is  the  product  of 
(1)  fluid  secretion  by  the  lacrimal  gland  and  accesso- 
ry lacrimal  glands,  (2)  secretion  of  mucus  primarily 
by  the  goblet  cells  of  the  conjunctiva,  and  (3)  lipids 
secreted  by  the  meibomian  gland  and  the  glands  of 
Zeis  and  Moll  in  the  lids.  The  mucoid  components 
appear  to  be  most  concentrated  in  the  film  nearest 
the  ocular  surface,  apparently  improving  its  wetta- 
bility and  providing  the  structural  framework  to 
increase  tear  film  thickness.  Secreted  lipids  form  a 
thin,  oily  layer  over  the  aqueous  tear  layer,  reduc- 
ing its  evaporation  rate,  which  is  crucial  in  adverse 
circumstances  such  as  drafts  and  low  humidity.  The 
tear  film  is  a  dynamic  structure  whose  composition 
and  thickness  change  constantly.  Blinking  aids  in 
the  renewal  of  the  tear  film  by  a  pumping  action 
that  assists  turnover  of  the  tears  by  drainage 
through  the  puncta  and  canaliculi  into  the  lacrimal 
sac  in  the  nose.  At  the  same  time,  blinking  mechani- 
cally moves  foreign  matter  and  cellular  debris 
toward  the  inner  canthus  and  aids  in  the  distribution 
of  mucoids  and  lipids. 1_3 

There  are  four  categories  of  tear  film  abnormali- 
ties: those  due  to  aqueous  deficiency,  mucus  defi- 
ciency, lipid  abnormality,  or  resurfacing  abnormali- 
ties. 4  A  number  of  ocular  syndromes  are  secondary 
to  deficient  aqueous  tear  composition  or  quantity 
(for  example,  Sjogren's  syndrome).  Somewhat  more 
complex  is  the  role  of  mucus  and  other  component 
deficiencies  with  respect  to  the  stability  of  the  tear 
film.5-6  Investigations  of  the  immunologic  defenses 
provided  by  the  tear  film  have  resulted  in  a  better 
understanding  of  the  surface  reaction  to  immunolog- 
ic stimuli. 

The  composition  and  function  of  the  preocular 
tear  film  are  complex.  Only  recently  has  it  been 
realized  that  a  variety  of  protein  and  cellular 
defenses  are  present  in  the  normal  tear  film.  Lyso- 
zyme,  lactoferrin,  immunoglobulins  (most  notably 
secretory  immunoglobulin  A),  and  various  types  of 
white  blood  cells  normally  found  in  the  tear  film  are 
believed  to  serve  a  crucial  function  in  the  defense  of 
the  ocular  surface  against  foreign  substances.  It  is 
not  clear  how  these  defenses  function  or,  for 
example,  how  the  defense  mechanisms  of  patients 
predisposed  to  ocular  infection  might  be  enhanced. 


AREA  OBJECTIVES 


To  understand  the  normal  composition,  function, 
and  control  mechanisms  of  the  preocular  tear 
film,  and  the  changes  occurring  in  that  film  as  a 
result  of  disease  and  aging. 

To  determine  the  interrelationship  between  the 
preocular  tear  film  and  underlying  ocular  surface. 


To  evaluate  and  diagnose  with  more  accuracy 
patients  with  abnormalities  of  the  preocular  tear 
film. 

To  develop  new  approaches  to  therapy  for  dry 
eye  and  tear  abnormalities. 


OVERVIEW  OF  CURRENT 
RESEARCH  SUPPORT 

In  FY  1981,  the  National  Eye  Institute  supported 
ten  projects,  at  a  total  cost  of  $750,000,  for  research 
on  the  tear  film  and  its  abnormalities.  Some  projects 
were  fundamental  studies  of  tear  film  physiology; 
others  were  for  determining  the  effect  of  the  tear 
film  on  the  cornea;  a  few  were  studies  of  the 
mechanism  controlling  tear  film  formation — an  eval- 
uation of  the  effect  of  systemic  drugs  on  tear 
production,  and  an  investigation  of  the  cellular 
pharmacology  of  lacrimation — and  others  were  de- 
voted to  the  action  of  the  lids  and  tear  pumping. 
Some  projects  were  concerned  with  the  relationship 
between  variations  in  preocular  tear  film  and  patho- 
logic changes  in  the  underlying  ocular  surface, 
including  the  biochemistry  of  the  meibomian  gland 
lipids  and  inflammatory  mediators  and  tear  secre- 
tions. 


RECENT 
ACCOMPLISHMENTS 

Significant  advances  have  been  made  in  the  method- 
ology applied  to  studying  tear  and  mucus  flow 
dynamics.  The  surface  chemical  conditions  of  tear 
film  stability  and  the  factors  governing  the  dynam- 
ics of  its  formation  have  been  elucidated. 2  It  has 
been  shown  clearly  that  surface  forces  have  an 
overwhelming  influence  in  determining  stability, 
and  they  affect  formation  as  well  as  rupture.  In  vitro 
measurements  using  tear  film  component  analogues 7 
and  sophisticated  hydrodynamic  calculations  based 
on  in  vivo  measurements 8  all  suggest  the  existence 
of  a  lacrimal  surfactant  (LAS),  which  ensures  the 
ready  formation  and  the  temporary  stability  of  the 
tear  film  even  under  adverse  circumstances.  LAS  is 
suspected  to  be  a  cor  iplex  substance  and  at  least 
partially  macromoleci-lar.  However,  the  identity  of 
LAS  components  is  still  unknown.  Recent  results 
have  suggested  that  in  addition  to  a  large  molecular 
weight  component  (possibly  some  mucus  glycopro- 
tein), tears  also  contain  a  highly  surface-active 
component  of  low  molecular  weight  (8,000  daltons). 
Such    a    result,    when    confirmed,    may    drastically 
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change  the  present  view  of  tear  film  formation  and 
rupture. 9 

In  addition,  sophisticated  analysis  of  o-linked 
oligosaccharides  as  a  measure  of  mucus  composition 
has  yielded  information  about  the  quantity  and 
quality  of  mucus  in  tears  and  conjunctiva. 10  Identifi- 
cation of  these  compounds  will  allow  more  precise 
definition  of  various  tear  abnormalities.  An  addition- 
al new  development  has  been  the  use  of  Millipore 
filters  to  evaluate  goblet  cell  frequency  in  vivo, 
permitting  an  estimation  of  goblet  cell  frequen- 
cy.1112  A  nonneural  mechanism  of  tear  mucus 
stimulation  has  been  suggested  by  a  unique  bioassay 
employing  urn  cells  from  a  marine  invertebrate. 13 

Lacrimal  gland  fluid  itself  has  been  studied, 
utilizing  a  physiologic  preparation  of  rabbit  lacrimal 
gland  and  involving  cannulation  of  the  lacrimal  duct 
in  the  rabbit  and  modification  of  the  blood  flow 
surrounding  the  gland. 14  Important  observations 
have  been  made  about  the  osmolarity  of  the  tear 
film  and  osmolarity  may  now  be  used  as  a  reliable 
indicator  for  diagnosing  keratoconjunctivitis  sicca. 15 
The  use  of  high-speed  photography  has  permitted 
analysis  of  the  complex  mechanisms  of  blinking  and 
has  shown  that  many  individuals  are  incomplete 
blinkers, 16  a  characteristic  possibly  responsible  for 
excessive  drying  of  the  eyes  and  inability  to  tolerate 
contact  lenses. 


RESEARCH  NEEDS 
AND  OPPORTUNITIES 


To  understand  better  the  composition  and  function 
of  the  tear  film,  additional  investigation  of  such 
factors  as  immunoglobulins,  proteolytic  enzymes, 
mucus,  lipids,  pH,  osmolarity,  tear  production,  and 
drainage  should  be  made  in  people  with  normal  and 
diseased  eyes.  These  studies  should  employ  reliable 
noninvasive  microvolume  assays.  In  addition,  the 
source  of  the  major  tear  constituents,  such  as  mucus 
(which  may  in  part  be  derived  from  the  lacrimal 
gland  and  goblet  cells)  and  lipids,  should  be  ascer- 
tained. Once  these  compounds  are  characterized 
and  sources  defined,  appropriate  treatment  will 
become  possible. 

The  role  of  lid  anatomy  in  blinking,  evaporation, 
and  nasolacrimal  obstruction  in  tear  film  integrity 
should  be  documented  by  morphologic,  photo- 
graphic, and  biophysical  methods.  Most  important, 
the  interactions  between  tear  film  (and  tear  film 
stability)  and  the  underlying  ocular  surface,  both 
conjunctival  and  corneal  epithelium,  should  be 
studied.  To  do  so,  it  is  necessary  to  measure  the 
effect  of  various  aspects  of  tear  composition,  for 
example,  osmolarity,  on  the  underlying  ocular  sur- 
face morphology  and  biochemistry. 


Despite  recent  progress  in  the  biophysics  of  tear 
film  physiology,  much  remains  to  be  learned.  Until 
LAS  is  well  characterized,  attempts  to  blame  tear 
film  deficiencies  on  compositional  changes  alone  are 
doomed  to  failure.  Furthermore,  little  is  known 
about  how  interface  conditions,  as  affected  by 
absorbed  polymers,  phase  changes,  and  solution 
factors,  will  influence  cellular  physiology  in  tissues 
such  as  corneal  epithelium.  Low  or  even  negative 
interfacial  tension  is  essential  to  allow  formation  of 
epithelial  microplicae.  Topical  anesthetics,  massive 
lipid  contamination,  exposure  to  air  (even  at  100 
percent  relative  humidity)  all  increase  this  tension, 
causing  the  eradication  of  epithelial  surface  struc- 
tures. Moreover,  although  investigators  have  specu- 
lated on  the  role  of  the  superficial  lipids,  the 
properties  of  the  lipids  and  their  variations  have  not 
been  adequately  described. 

New  approaches  to  therapy  for  tear  abnormalities 
continue  to  be  necessary.  Specific  replacement 
therapy  after  identifying  specific  aqueous  or  other 
deficiencies  should  be  sought.  Alternative  methods 
to  protect  the  ocular  surface,  such  as  new  types  of 
soft  contact  lenses,  buffering  solutions,  and  detoxify- 
ing compounds,  should  be  evaluated.  The  role  of 
protective,  occlusive  devices  in  reducing  tear  evap- 
oration should  be  studied,  and  the  basis  for  the 
salutary  effect  of  surgical  therapy,  such  as  tarsor- 
rhaphy, should  be  clarified.  Research  on  the  lacri- 
mal gland  is  of  considerable  interest:  the  factors 
responsible  for  fluid  secretion  and  control,  and  the 
mechanism  by  which  the  lacrimal  gland  loses  its 
ability  to  secrete  aqueous  material  should  be  investi- 
gated. Finally,  the  factors  controlling  mucus  and 
lipid  release,  and  manipulations  that  affect  or 
modify  those  secretions,  should  be  studied. 


RECOMMENDATIONS 

Based  on  the  foregoing  assessment  of  recent  accom- 
plishments, current  activities,  and  research  needs 
and  opportunities  in  "Tear  Film  and  Its  Abnormali- 
ties," the  Panel  has  made  the  following  recommen- 
dations concerning  research  in  this  area  over  the 
next  five  years.  These  have  been  grouped  under  two 
headings:  Program  Base  and  Program  Development 
Priority. 

The  Program  Base  includes  areas  of  ongoing 
research  where  the  current  level  of  activity  is 
considered  adequate,  or  areas  of  ongoing  research  in 
which  there  may  be  great  need  for  additional 
activity,  but  where,  in  the  Panel's  judgment,  little  or 
no  opportunity  (new  methods  or  insights)  exists  at 
present  to  justify  a  significant  expansion  of  effort. 
Nonetheless,  additional  applications  for  research 
grants  in  these  areas  may  be  funded  if  they  are 
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innovative  and  of  very  high  quality  as  determined 
by  the  NIH  peer  review  system. 

The  Program  Development  Priority  is  a  promis- 
ing new  area  of  research  in  which  there  is  little  or 
no  support  at  present  but  where  there  is  both  great 
need  and  high  potential  for  success.  This  area  is 
judged  to  warrant  significantly  increased  support 
over  the  next  five  years,  provided  that  high  quality 
applications  for  research  grants  in  this  area  are 
forthcoming. 

Program  Base 

■  Investigate  the  normal  composition,  function,  and 
control  mechanisms  of  the  preocular  tear  film, 
including  the  mechanisms  of  controlling  tear  film 
formation,  both  neural  and  hormonal.  The  identi- 
ty and  nature  of  the  lacrimal  surfactant  should  be 
determined  and  its  exact  mechanism  of  function 
established.  In  diseased  states,  the  deficiency  or 
impaired  functionality  of  the  lacrimal  surfactant 
should  be  confirmed  or  ruled  out. 

■  Determine  the  role  of  the  lids  in  ocular  resurfac- 
ing by  the  tear  film. 

■  Evaluate  and  treat  dry  eye  patients  more  effec- 
tively. Although  methods  for  diagnosing  such 
patients  are  adequate  in  most  cases,  the  use  of 


sophisticated  osmolarity  tests  and  responses  to 
specific  lacrimal  gland  stimulation  may  distin- 
guish categories  of  dry  eyes  and  better  delineate 
patients  requiring  different  therapeutic  regimens. 

Program  Development  Priority 

■  Determine  the  interrelationship  between  the 
preocular  tear  film  and  the  underlying  ocular 
surface.  The  biochemistry  and  physiology  of  the 
ocular  surface  cells  in  response  to  changes  in  the 
tear  film  should  be  studied. 


RESOURCE 
REQUIREMENTS 

After  reviewing  current  research  grant  support  in 
each  of  these  categories  and  assessing  the  need  and 
potential  for  future  development,  the  Panel  has 
estimated  the  number  of  projects  it  believes  are 
needed  to  carry  out  its  recommendations  in  FY 
1983.  These  estimates  are  shown  in  the  following 
table.  For  a  discussion  of  the  general  basis  and 
significance  of  these  projections,  see  the  "Sum- 
mary" at  the  beginning  of  this  report. 


RESOURCE  TABLE 
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No.  of  Grants 

Panel  Recommendation  FY  83 

FY  1981 

Add, 

,  Grants 

Total  Grants 

2 

0 

2 

1 

0 

1 

6 

-1 

5 

Program  Base 

A.  Investigate  normal  composition,  function,  and  control 
mechanisms  of  preocular  tear  film. 

B.  Determine  role  of  lids  in  ocular  resurfacing  by  tear 
film. 

C.  Evaluate  and  treat  dry  eye  patients  more  effectively. 

Program  Development  Priority 

A.  Determine  interrelationship  between  preocular  tear 
film  and  ocular  surface. 

Subtotal  Grants 

C%  of  Program) 

Total  Estimated  Cost 


10 

(6) 

$750,000 


1 
(2) 

$427,000 


11 

(5) 

$1,177,000 
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B.  OCULAR  SURFACE 
DISORDERS 

INTRODUCTION 


It  has  been  useful  to  define  the  ocular  surface  as  the 
epithelium  and  subjacent  tissues  lining  the  back  of 
the  lids,  covering  the  globe,  and  extending  over  the 
cornea.  Except  for  the  cornea,  the  tissues  underly- 
ing the  epithelium  are  vascularized  and  contain 
large  numbers  of  inflammatory  and  immunologic 
cells. 1718  Consideration  of  the  corneal  and  conjunc- 
tival surface  as  parts  of  a  single  sheet  of  tissue  has 
engendered  a  new  approach  to  the  study  of  surface 
disease,  one  that  acknowledges  the  close  relation- 
ship and  interaction  between  these  regions. 

A  number  of  ocular  surface  diseases  and  disorders 
involve  both  the  corneal  and  conjunctival  regions, 
often  simultaneously.  Among  these  are  Stevens- 
Johnson  syndrome,  cicatricial  ocular  pemphigoid, 
vitamin  A  deficiency,  drug-induced  changes  (such 
as  those  occurring  with  antiviral  and  antiglaucoma 
agents),  and  chemical  and  thermal  injuries  (Figure 
2).  While  many  of  these  conditions  also  involve  tear 
film  abnormalities,  these  are  frequently  observed 
late    in    the    course    of   the    disease    and    are    not 


Figure  2.  Persistent  epithelial  defect  after  penetrating  keratoplasty  for 
alkali  burn.  In  a  chemically-burned  eye  treated  with  keratoplasty,  the 
defect  shown  has  persisted  for  nearly  two  years.  Scarring  and  vasculariza- 
tion of  the  surface  which  result  are  harmful  to  vision.  (Courtesy  of 
Richard  A.  Thoft.  M.D..  Department  of  Cornea  Research,  Eye  Research 
Institute  of  Retina  Foundation.) 


necessarily  the  cause  of  the  disease.  For  example, 
diminished  flow  of  tears  in  ocular  pemphigoid  is 
preceded  by  conjunctival  scarring  and  superficial 
corneal  vascularization.  Ocular  surface  abnormali- 
ties are  not  common,  but  they  occur  frequently  in 
young  people  (for  example,  in  cases  of  chemical  and 
thermal  injury)  and  are  often  bilateral,  leading  to 
chronic  pain,  severe  visual  disability,  and  frequent- 
ly, total  blindness.  Both  malignant  and  nonmalig- 
nant  tumors  of  the  ocular  surface,  such  as  carcinoma 
in  situ,  papilloma,  and  pterygium,  also  cause  mor- 
bidity in  significant  numbers  of  patients. 

A  smooth,  intact,  healthy  corneal  surface  is  a 
requisite  for  normal  vision.  Diseases  that  disturb  the 
integrity  of  the  surface  tend  to  decrease  vision, 
especially  if  they  lead  to  irreversible  scarring  or 
vascularization  of  the  corneal  epithelial  surface. 
Corneal  epithelial  defects  are  early  signs  of  surface 
disease,  and  abnormalities  of  epithelial  healing  rep- 
resent fundamental  problems  in  all  of  these  diseases. 

Medical  and  surgical  treatment  of  epithelial  dis- 
ease, including  various  kinds  of  eye  drops,  improved 
methods  of  corneal  grafting,  and  soft  contact  lenses, 
have  improved  the  prognosis  but  have  not  yet 
solved  all  the  problems  of  surface  disease.  Recently 
developed  contact  lens  materials  have  been  benefi- 
cial in  promoting  epithelial  healing,  but  many  of 
these  appliances  may  at  the  same  time  adversely 
affect  epithelial  integrity  and  stimulate  corneal 
vascularization.  Although  such  vascularization  may 
be  desirable  in  some  cases  to  aid  healing,  too  much 
vascularization  will  obstruct  vision.  Thus,  the  phys- 
iologic and  biophysical  effects  of  contact  lenses  as 
well  as  the  evolution  of  contact  lens-induced  vascu- 
larization and  scarring  must  be  understood  if  soft 
lens  therapy  is  to  be  used  with  maximum  effective- 
ness in  surface  diseases. 

Because  surface  injuries  and  diseases  as  well  as 
epithelial  damage  are  common,  even  modest  im- 
provements in  understanding  and  facilitating  epithe- 
lial healing  would  have  considerable  social  and 
economic  impact.  Knowledge  derived  from  basic 
clinical  investigations  of  the  normal  and  pathologic 
behavior  of  the  ocular  surface  may  be  applied  to 
other  areas  of  biomedical  science,  such  as  dermatol- 
ogy, nutrition,  and  metabolic  diseases. 

Although  data  are  not  available  on  the  exact 
incidence,  prevalence,  and  cost  of  these  diseases,  all 
three  are  estimated  to  be  very  high.  Blindness  is  a 
frequent  result  of  primary  ocular  surface  disease  or 
bilateral  chemical  injury.  The  costs  related  to 
industrial  accidents,  for  example,  are  not  only  those 
for  medicine  and  surgery  but  also  include  lost 
income,  protracted  rehabilitative  training,  and  the 
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inevitable  legal  fees  involved  in  adjudicating  liabili- 
ty cases. 

It  has  been  known  for  some  years  that  the  initial 
stages  of  epithelial  defect  healing  include  (1)  sliding 
over  of  the  epithelial  cells  followed  in  a  short  time 
by  (2)  dividing  of  more  peripheral  cells  19  and  (3) 
subsequent  reattachment  of  epithelial  cells  to  the 
basement  membrane.  The  biology  of  reepithelializa- 
tion  and  the  relationship  of  epithelial  cells  to  the 
underlying  stroma  are  only  partially  understood. 
For  example,  it  is  known  that  stromal  wound 
healing  is  abnormal  in  the  absence  of  epithelium, 20 
and  it  has  been  suggested  that  the  epithelium  may 
serve  as  a  source  of  enzymes  related  to  tissue 
destruction  in  certain  diseases. 21  A  recent  study  has 
described  the  differentiation  of  corneal  epithelial 
cells  and  the  specificity  of  their  keratin  frame- 
work. 22  The  transformation  of  conjunctival  epitheli- 
um into  corneal  epithelium  has  been  the  subject  of 
several  studies  in  the  past  few  years. 23,24 

Paralleling  the  accumulation  of  data  on  the 
normal  ocular  surface  have  been  many  studies  of 
pathologic  changes  in  the  ocular  surface.  An  exten- 
sive literature  is  available  describing  morphologic 
changes  in  a  variety  of  diseases.  Less  well  docu- 
mented are  the  biochemical  and  physiological  alter- 
ations that  may  accompany  ocular  surface  disease. 

A  number  of  histological,  biochemical,  and  clini- 
cal findings  can  be  cited  as  evidence  of  increased, 
but  still  fragmentary  knowledge.  For  example, 
although  the  exact  role  of  the  conjunctiva  in  corneal 
epithelial  disease  is  not  clear,  it  is  known  that  the 
conjunctival  surface  may  be  abnormal  in  certain 
ocular  surface  diseases.  In  both  Stevens-Johnson 
syndrome  and  ocular  pemphigoid,  there  is  obvious 
subepithelial  scarring  and  vascularization  leading  to 
limitation  of  globe  motion.  Moreover,  dry  eye 
conditions  have  been  associated  with  a  loss  of  goblet 
cells,5'25  which  are  believed  to  be  responsible  for 
most  of  the  mucus  production  in  the  eye.  Infiltration 
of  the  lacrimal  gland  by  inflammatory  cells  has  been 
noted  in  Sjogren's  syndrome;  the  role  of  the 
accessory  lacrimal  glands  in  total  tear  production 
also  has  been  studied.  A  recent  study  of  the  corneal 
epithelium  in  diabetics  showed  that  the  diabetic 
cornea  is  particularly  vulnerable  to  damage  by  the 
new  surgical  procedures  used  so  successfully  to 
treat  vitreous  humor  abnormalities. 26 

As  an  example  of  a  biochemical  observation,  cell 
receptors  for  vitamin  A  have  been  found  in  the 
corneal  epithelium, 27  suggesting  that  the  role  of 
vitamin  A  in  maintaining  ocular  surface  integrity 
may  be  one  directly  related  to  the  corneal  epithelial 
cells  themselves. 

Through  the  years,  a  great  variety  of  medical  and 
surgical  procedures  have  been  employed  to  treat 
ocular  surface  disease.  Replacement  therapy  for  tear 
film  abnormalities  has  been  prominent  among  these 
treatments.  Lubricating  and  mucolytic  agents  have 


proved  beneficial  in  cases  of  tear  film  deficiency  or 
abnormality.  However,  such  agents  are  not  always 
effective  if  the  disease  has  affected  the  surface  cells 
themselves;  in  such  cases,  more  specific  therapy  is 
needed;  for  example,  vitamin  A  supplementation  can 
restore  conjunctival  integrity. 28  Attempts  to  im- 
prove surface  epithelial  cell  healing  with  mitogenic 
agents  and  assorted  nutrient  eye  drops  have  had 
limited  success.  However,  recent  evidence  relating 
surface  disease,  such  as  pemphigoid,  to  immunologi- 
cal mechanisms  has  led  to  considerable  interest  in 
and  some  success  with  immunosuppressive  therapy, 
using  both  cytotoxic  agents  and  systemic  cortico- 
steroids. 29-3° 

Protective  devices  such  as  bandage  soft  lenses 
also  have  an  important  role  in  the  treatment  of 
surface  disease.  Some  experimental  data  and  theo- 
retical speculations  implicated  increased  surface 
wettability  in  the  problem  of  diminished  epithelial 
adhesiveness,  perhaps  owing  to  the  formation  of  an 
aqueous  "weak  boundary  layer."  31  In  a  subsequent 
clinical  study,  it  was  demonstrated  that  a  certain 
colloidal  hyperosmotic  solution  completely  heals 
recurrent  epithelial  erosion.  This  occurs  even  in 
cases  that  do  not  respond  to  conventional  therapy, 
including  the  use  of  bandage  lenses.  32  The  biophys- 
ical and  surface  chemical  aspects  of  epithelial 
spreading  and  adhesion  are  a  promising  but  largely 
ignored  and  unexplored  field  of  corneal  physiology. 

Surgical  treatment  of  surface  disease  has  been 
only  a  last  resort  and  relatively  unsuccessful.  In 
patients  with  surface  disease,  routine  corneal  graft- 
ing is  frequently  followed  by  a  recurrence  of  the 
original  vascularization  and  scarring.  Variations  of 
grafting  techniques,  including  retention  of  donor 
epithelium,  have  had  limited  success.  Even  the 
removal  of  nonmalignant  surface  tumors  is  often 
followed  by  recurrence.  Expanded  knowledge  of 
the  ocular  surface  should  substantially  improve  the 
results  of  these  treatments. 

Studies  of  corneal  and  conjunctival  epithelium  are 
relevant  to  other  areas  of  biological  interest.  The 
possibility  that  the  corneal  epithelial  defects  found 
in  diabetics  might  serve  as  an  assay  system  for 
developing  effective  antidiabetic  drugs  has  led  to 
interest  in  using  this  system  to  study  diabetic 
complications.  The  biology  of  epithelial  tissues  in 
the  ocular  surface  has  been  well  researched,  particu- 
larly the  differentiation  of  conjunctival  epithelium 
and  corneal  epithelium. 
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AREA  OBJECTIVES 


To  understand  the  biology,  biochemistry,  metab- 
olism, physiology,  and  morphology  of  the  normal 
and  diseased  ocular  surface  epithelium. 

To  determine  the  influences  responsible  for  spe- 
cific differentiation  of  the  ocular  surface  epitheli- 
um into  conjunctival  or  corneal  types. 

To  explore  the  utility  of  ocular  surface  replace- 
ment   in    the    treatment    of    surface    disorders. 

To  evaluate  the  normal  immunologic  mechanisms 
of  the  ocular  surface,  and  elucidate  immunologic 
changes  and  their  role  in  ocular  surface  inflam- 
matory disease. 

To  investigate  autoimmune  mechanisms  by  isolat- 
ing, identifying,  and  characterizing  ocular  anti- 
gens relevant  to  the  ocular  surface. 

To  evaluate  the  nature  of  superficial  corneal 
vascularization. 


OVERVIEW  OF  CURRENT 
RESEARCH  SUPPORT 

In  FY  1981,  the  National  Eye  Institute  supported  30 
research  grants,  at  a  total  cost  of  $3,021,000,  for 
studies  related  to  ocular  surface  disorders.  These 
included  investigations  of  factors  responsible  for 
maintaining  and  regenerating  the  corneal  epithelium 
and  ocular  surface  epithelium.  The  studies  included 
research  on  cell  motility  and  adhesion  during 
wound  healing  using  electron  microscopy,  the 
effects  of  various  drugs  on  corneal  reepithelializa- 
tion,  the  regeneration  of  corneal  epithelium  and  its 
growth  in  tissue  culture,  and  the  effect  of  trophic 
influences  and  mediators  on  corneal  epithelial  cell 
function.  Sophisticated  methods  for  determining  the 
state  of  oxidation  of  nucleotides  in  the  corneal 
epithelium  were  used  in  one  laboratory.  Specific 
differentiation  of  ocular  surface  and  conjunctival 
epithelium  was  studied  by  an  investigator  whose 
work  also  involved  various  other  epithelial  tissues. 
Physiologic  studies  of  the  cornea  and  its  epitheli- 
um with  respect  to  permeability,  function,  and 
transport  were  also  conducted  as  was  research  on 
the  effect  of  the  corneal  epithelium  on  refraction.  In 
addition,  immunologic  aspects  of  the  ocular  surface 
were  studied,  specifically  with  regard  to  the  quanti- 
fication of  plasma  cells  and  the  location  of  basement 
membrane  antibodies  in  normal  and  diseased  eyes. 


RECENT 
ACCOMPLISHMENTS 

The  normal  metabolism  of  the  ocular  surface  has 
been  studied  extensively  in  the  last  five  years.  It  has 
been  demonstrated  that  the  epithelium  contains  high 
levels  of  not  only  glycogen,  but  of  the  enzymes 
necessary  for  anaerobic  metabolism.2324  The 
changes  that  occur  in  the  substrate  and  enzymatic 
content,  and  morphology  of  the  conjunctival  epithe- 
lium while  it  differentiates  into  corneal  epithelium, 
and  the  time  those  changes  require,  have  been  well 
documented.  The  biology  of  corneal  reepithelializa- 
tion  also  has  been  studied  in  detail,  demonstrating 
that  significant  morphologic  changes  occur  in  epith- 
elial cells  as  they  begin  sliding  to  cover  epithelial 
defects.33'34 

In  addition  to  these  morphologic  changes,  the 
effects  of  primary  and  secondary  mediators,  such  as 
cyclic  nucleotides,  prostaglandins,  and  adrenergic 
and  cholinergic  compounds  on  corneal  epithelial 
metabolic  and  wound  healing  responses  are  being 
investigated.  This  research  has  included  studies  of 
cyclic  nucleotide  mediated  changes  in  nucleic  acid 
and  protein  synthesis  in  cultured  cells,  use  of 
cholera  toxin  to  stimulate  cAMP  levels  in  the 
cornea  and  in  epithelial  wound  healing, 35  attempts 
to  demonstrate  and  manipulate  elements  of  the 
cholinergic36,37  and  adrenergic  pathways38  in  the 
cornea,  and  experiments  to  investigate  the  role  of 
the  trigeminal  innervation  in  corneal  homeostasis.  39 

The  pathology  of  the  ocular  surface  epithelium 
has  been  evaluated  in  some  detail;  the  decrease  in 
goblet  cell  population  associated  with  ocular  surface 
disease  has  been  quantified.  The  course  of  epithelial 
healing  in  diabetic  corneal  defects  has  been  moni- 
tored, and  the  increase  in  corneal  defects  found  in 
diabetics  after  vitrectomy  has  been  quantified.  Con- 
siderable attention  has  been  directed  to  the  bio- 
chemical abnormalities  in  the  epithelium  in  diabetes. 
Furthermore,  it  has  been  demonstrated  in  rats  that 
although  epithelial  healing  is  delayed  in  acute 
diabetic  states,  aldose  reductase  inhibitors  return  it 
to  a  normal  rate. 40  (See  Volume  Two,  Part  Three, 
Report  of  the  Cataract  Panel,  Chapter  4,  "Diabetic 
and  Metabolic  Cataract").  Basement  membrane 
changes  have  been  noted  in  the  diabetic  corneal 
epithelium, 41  indicating  not  only  a  defect  in  the 
usual  epithelial  layer-basement  membrane-stromal 
adhesion,  but  a  thickening  of  the  basement  mem- 
brane that  is  a  characteristic  of  other  human  tissues 
in  long-term  diabetes. 

Additional  features  of  ocular  surface  pathology 
have  been  noted.  The  manifestations  of  superficial 
vascularization  have  been  distinguished  from  those 
of  deep  stromal  vascularization  in  various  diseases. 
It  has  been  found  that  the  source  of  the  regenerating 
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corneal  epithelium  has  considerable  influence  on 
subjacent  vascularization  following  penetrating 
wounds;  the  extent  of  vascularization  was  much 
greater  in  the  presence  of  regenerated  epithelium  of 
conjunctival  origin  (following  total  removal  of  the 
epithelium)  than  that  of  peripheral  corneal  origin 
(following  only  central  epithelial  removal).  This 
finding  has  provided  a  new  model  for  corneal 
vascularization. 42  In  another  study,  it  was  deter- 
mined that  angiogenic  factors  may  be  located  in  the 
corneal  epithelium,  which  may  mediate  pannus 
formation. 43 

Immune  responses  initiated  along  mucosal  sur- 
faces are  related  to  specific  cell  types.  Some 
controversial  preliminary  evidence  suggests,  for 
example,  that  antigen-presenting  cells,  known  as 
Langerhans'  cells,  are  abundant  in  limbal  conjuncti- 
va, but  are  totally  lacking  in  the  cornea. 44  It  has 
been  demonstrated  that  IgA  plasma  cells  predomi- 
nate in  the  normal  lacrimal  gland  and  conjunctiva 
and  that  the  mechanism  of  selective  IgA  plasma  cell 
localization  may  depend  on  substances  produced  by 
nearby  epithelial  cells. 45  In  addition,  specific  IgA 
antibody  to  antigen  experimentally  placed  in  the 
gastrointestinal  tract  has  been  found  in  tears.  Secre- 
tory component,  a  protein  attached  to  IgA  in  tears, 
has  been  found  in  rabbit  conjunctiva  and  has  been 
seen  to  disappear  quite  rapidly  as  conjunctiva 
differentiates  into  corneal  epithelium.  Antibodies 
against  the  conjunctival  basement  membrane  have 
been  found  in  patients  with  active  or  extensive 
ocular  cicatricial  pemphigoid. 46  Moreover,  the  use 
of  immunosuppressive  agents  has  been  proved  effec- 
tive in  treating  this  disease.  29,3° 

Therapeutic  advances  have  been  made  in  the  use 
of  disodium  chromoglycolate  in  ocular  hay  fever. 
Histamine  blockers  seem  to  be  somewhat  effective 
in  blocking  the  histamine  component  of  the  hay 
fever  response.  47 

Injury  to  the  ocular  surface  has  been  stabilized  by 
transplanting  tissue  from  the  contralateral  normal 
eye.  A  recently  developed  procedure,  conjunctival 
transplantation, 48'49  is  based  on  understanding  of  the 
fundamental  biology  of  the  ocular  surface;  it  relies 
on  corneal  resurfacing  from  peripherally  placed 
healthy  donor  conjunctiva  to  replace  damaged  host 
conjunctiva.  Because  the  corneal  epithelial  surface 
may  constantly  be  replaced  by  cells  from  conjuncti- 
va, such  a  peripheral  graft  insures  a  continuous 
supply  of  healthy  new  cells.  Inasmuch  as  this 
procedure  can  be  used  only  in  cases  of  unilateral 
injury  or  disease,  other  epithelial  sources  and 
alternative  methods  of  applying  such  cells  to  dis- 
eased surfaces  are  being  investigated. 


RESEARCH  NEEDS 
AND  OPPORTUNITIES 

Investigation  of  the  physiology,  biochemistry,  n  or- 
phology,  and  cell  biology  of  the  normal  and 
diseased  corneal  and  conjunctival  epithelium  is 
highly  important.  This  research  includes  study  of 
normal  epithelial  healing  processes  and  the  effect  of 
mitogenic  agents.  In  addition,  a  comprehensive 
study  should  be  made  of  the  circumstances  leading 
to  corneal  epithelial  defects,  their  occurrence  and 
persistence,  and  the  relationship  of  such  defects  to 
the  neural  supply.  A  better  understanding  of  the 
effects  of  hormones,  prostaglandins,  substance  P, 
cyclic  nucleotides,  and  retinoids  should  be  sought  in 
tissue  and  organ  culture  and  in  vivo.  The  relation 
between  the  surface  chemistry  of  the  basement 
membrane  in  epithelial  defects  and  the  inhibited 
spreading  of  epithelial  cells  over  such  defects  and 
their  lack  of  adhesiveness  also  should  be  investigat- 
ed. 

An  animal  model  for  recurrent  erosion  and 
persistent  defects  should  be  developed  for  use  in 
further  study  of  epithelial  problems.  An  explicit 
scoring  method  for  recording  the  size  and  depth  of 
defects  should  be  designed  for  clinical  use.  The 
effect  of  growth  factors  on  reepithelialization,  as 
well  as  biophysical  methods  for  preventing  and 
treating  defects  should  be  studied,  as  should  the  role 
of  the  epithelium  in  stromal  ulceration.  Biochemical 
analysis  of  mucus  composition  and  its  release  from 
the  conjunctival  epithelium  should  be  performed.  In 
addition,  the  enzymatic  pathways  prominent  in 
mucus  production  should  be  evaluated,  using  animal 
models  for  preparing  mucus-secreting  epithelium.  A 
full  understanding  of  energy  production,  including 
glucose  and  glycogen  metabolism,  in  the  normal  and 
diseased  epithelium  is  needed.  Histologic  and  elec- 
tron microscopic  studies  of  normal  and  diseased 
epithelium  should  also  be  conducted. 

Differentiation  of  the  ocular  surface  epithelium 
must  be  analyzed  in  greater  detail.  Differentiation  of 
corneal  and  conjunctival  epithelium,  specifically 
with  regard  to  controlling  goblet  cells  and  mucus 
production  in  the  conjunctiva,  should  be  studied. 
Morphologic  and  sex  chromatin  analysis  of  ocular 
surface  epithelium  after  corneal  grafting  should  be 
performed  to  evaluate  the  extent  to  which  the 
conjunctival  epithelium  participates  in  corneal 
epithelial  formation.  The  ability  of  a  wide  variety  of 
epidermal  tissues  to  transform  into  ocular  surface 
epithelium  should  be  investigated  so  that  other 
epithelia  can  be  used  as  sources  for  new  ocular 
surface  epithelium. 

Cellular  differentiation  and  its  modulation  should 
serve  as  a  foundation  for  studies  of  ocular  surface 
tumors,    both    benign    and    malignant.    Pterygium 
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should  be  used  as  a  model  of  excessive  tissue 
proliferation,  with  more  attention  given  to  the 
effects  of  actinic  and  other  environmental  factors  on 
the  cycling  and  differentiation  of  ocular  surface 
epithelial  cells. 

Immunology  of  the  ocular  surface  should  be 
studied  in  detail  to  achieve  a  definition  of  the  ocular 
immune  system  including  a  description  of  allergic 
mechanisms  such  as  mediator  release,  action,  and 
inhibition  and  a  study  of  the  mechanism  for  and 
manipulation  of  selective  lodging  of  IgA-committed 
lymphocytes.  Moreover,  animal  models  for  studying 
ocular  immunologic  disease  need  to  be  developed 
and  then  such  methods  as  immunofluorescence 
applied  to  detect  immunologically  active  cells  at  the 
site  of  tissue  alteration  through  histologic  examina- 
tion. Immunologic  change  phenomena  in  such 
ocular  surface  inflammatory  diseases  as  ocular  pem- 
phigoid, Stevens-Johnson  syndrome,  Sjogren's  syn- 
drome, and  hay  fever  allergy  should  be  elucidated. 

A  reasonable  body  of  circumstantial  evidence 
supports  the  idea  that  some  of  the  diseases  men- 
tioned above  are  "autoimmune."  However,  the 
relevant  ocular  antigens  have  not  been  defined.  If 
progress  is  to  be  made  in  studying  these  diseases,  it 
is  essential  to  define  specific  antigens  related  to  the 
ocular  surface.  Definition  of  the  cell  surface  anti- 
gens (for  example,  la-like)  and  other  HLA  antigens 
on  the  cornea  and  conjunctiva  is  important  in  this 
regard.  Not  only  must  the  relevant  antigens  in  the 
corneal  and  conjunctival  epithelium  and  in  the 
basement  membrane  zone  and  stroma  be  deter- 
mined, but  monoclonal  antibodies  against  these 
separate  antigens  must  also  be  produced. 

Ophthalmic  drugs  should  be  investigated  to  deter- 
mine whether  they  produce  allergic  reactions,  and 
pharmacologic  agents  capable  of  inhibiting  such 
allergic  responses  should  be  sought.  The  etiology  of 
subepithelial  corneal  vascularization  should  be  in- 
vestigated, particularly  the  possibility  that  angio- 
genic factors  from  the  epithelium  and  the  leukocytes 
are  involved.  The  role  of  soft  contact  lenses  and 
anoxia  in  surface  vascularization  should  be  investi- 
gated and  the  anti-angiogenic  effects  of  substances 
such  as  corticosteroids  should  be  quantified. 

Analysis  of  basement  membrane  formation  and 
composition  in  diseased  and  normal  eyes  would  be 
valuable,  using  biochemical  and  surface  chemical 
methods.  The  susceptibility  of  basement  membrane 
to  enzymatic  degradation  and  its  abnormalities  in 
diabetes  mellitus  should  be  studied.  Mechanical 
methods  should  be  developed  to  determine  the 
degree  of  adhesion  of  the  epithelium  to  the  underly- 
ing basement  membrane  and  corneal  stroma. 

The  causes  of  abnormalities  in  the  diabetic  corne- 
al epithelium  also  need  elucidation.  Aldose  reduc- 
tase inhibitors  should  be  evaluated  in  humans  to 
determine  whether  they  have  any  role  in  ameliora- 
ting   postsurgical    epithelial    defects    in    diabetics. 


The  possible  benefits  of  vitamin  A  therapy  in 
maintaining  the  ocular  surface  epithelium  should  be 
investigated,  as  should  the  relationship  of  vitamin  A 
deficiency  to  generalized  protein  calorie  malnutri- 
tion in  the  etiology  of  corneal  disease. 


RECOMMENDATIONS 

Based  on  the  foregoing  assessment  of  recent  accom- 
plishments, current  activities,  and  research  needs 
and  opportunities  in  "Ocular  Surface  Disorders," 
the  Panel  has  made  the  following  recommendations 
concerning  research  in  this  area  over  the  next  five 
years.  These  have  been  grouped  under  two  head- 
ings: Program  Base  and  Program  Development 
Priorities. 

The  Program  Base  includes  areas  of  ongoing 
research  where  the  current  level  of  activity  is 
considered  adequate,  or  areas  of  ongoing  research  in 
which  there  may  be  great  need  for  additional 
activity,  but  where,  in  the  Panel's  judgment,  little  or 
no  opportunity  (new  methods  or  insights)  exists  at 
present  to  justify  a  significant  expansion  of  effort. 
Nonetheless,  additional  applications  for  research 
grants  in  these  areas  may  be  funded  if  they  are 
innovative  and  of  very  high  quality  as  determined 
by  the  NIH  peer  review  system. 

Program  Development  Priorities  include  areas  of 
ongoing  research  in  which  new  knowledge  and 
techniques  offer  particular  opportunities  for  scientif- 
ic progress,  or  promising  new  areas  of  research  in 
which  there  is  little  or  no  support  at  present  but 
where  there  is  both  great  need  and  high  potential 
for  success.  Such  areas  are  judged  to  warrant 
significantly  increased  support  over  the  next  five 
years,  provided  that  high  quality  applications  for 
research   grants    in    these   areas   are   forthcoming. 


Program  Base 

■  Study  normal  epithelial  healing,  including  mito- 
sis, cell  sliding,  and  adhesion,  and  the  effect  of 
mitogens  and  growth  factors. 

■  Search  for  specific  conjunctival  antigens  respon- 
sible for  immune  phenomena  in  ocular  surface 
diseases,  and  determine  the  immunologic  mecha- 
nisms leading  to  damage  of  the  conjunctiva  in 
cicatricial  pemphigoid  and  other  scarring  con- 
junctival diseases. 

Program  Development  Priorities 

■  Investigate  corneal  epithelial  defect  formation, 
occurrence  and  persistence,  and  how  they  relate 
to  the  neural  supply. 
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Analyze  epithelial  defects  and  their  relationships 
to  basement  membrane  changes  and  stromal 
ulceration. 

Study  normal  and  diseased  ocular  surface  epithe- 
lium with  respect  to  maintenance  of  the  corneal 
epithelium  by  the  conjunctival  epithelium  and 
differentiation  of  conjunctival  epithelium  into 
corneal  epithelium,  and  explore  the  usefulness  of 
ocular  surface  replacement  from  other  sources. 

Evaluate  the  normal  immunologic  mechanisms  of 
the  ocular  surface,  including  further  studies  on 
allergic  mechanisms  (IgE-mediated)  and  the 
mechanism  of  selective  lodging  of  IgA-commit- 
ted  lymphocytes. 

Evaluate  the  stimuli  for  superficial  corneal  vascu- 
larization and  the  ingrowth  of  conjunctiva  onto 
the  corneal  surface. 


RESOURCE 
REQUIREMENTS 

After  reviewing  current  research  grant  support  in 
each  of  these  categories  and  assessing  the  need  and 
potential  for  future  development,  the  Panel  has 
estimated  the  number  of  projects  it  believes  are 
needed  to  carry  out  its  recommendations  in  FY 
1983.  These  estimates  are  shown  in  the  following 
table.  For  a  discussion  of  the  general  basis  and 
significance  of  these  projections,  see  the  "Sum- 
mary" at  the  beginning  of  this  report. 
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No.  of  Grants 
FY  1981 


Panel  Recommendation  FY  83 


Add.  Grants 


Total  Grants 


Program  Base 

A.  Study  epithelial  healing. 

B.  Search  for  conjunctival  antigens  responsible  for 
immune  phenomena  in  ocular  surface  diseases. 
Determine  immunologic  mechanisms  leading  to 
damage  to  the  conjunctiva. 


12 

1 


11 

1 


Program  Development  Priorities 

A.  Investigate  epithelial  defect  formation, 
occurrence,  and  persistence  and  relationship  with 
neural  supply. 

B.  Analyze  epithelial  defects  in  relation  to  basement 
membrane  changes  and  stromal  ulceration. 

C.  Study  corneal  surface  epithelium  as  maintained  by 
conjunctiva  and  ocular  surface  replacement. 

D.  Evaluate  normal  immunologic  mechanisms  of  ocular 
surface. 

E.  Evaluate  stimuli  for  corneal  vascularization  and  con- 
junctiva ingrowth  onto  ocular  surface. 

Subtotal  Grants 
(%  of  Program) 

Total  Estimated  Cost 


6 

2 

8 

1 

1 

2 

6 

1 

7 

2 

1 

3 

30 

5 

35 

(18) 

(9) 

(16) 

$3,021,000 

$724,000 

$3,745,000 
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C.  DRUG  DELIVERY 
AND  TOXICITY 

INTRODUCTION 


Drug  delivery  and  toxicity  are  two  of  the  most 
important  concerns  in  eye  care.  All  new  ocular 
drugs  must  be  tested  to  determine  their  penetration 
into  the  eye  and  their  potential  for  producing 
toxicity  and  allergy.  Because  such  drugs  are  active 
in  the  eye  for  only  a  brief  time,  owing  to  the  rapid 
exchange  of  fluids  in  the  eye,  frequent  instillation  is 
usually  required.  However,  new  delivery  systems, 
which  make  it  possible  to  reduce  the  concentration 
of  drugs  that  must  be  applied  with  each  dose,  can 
minimize  undesirable  drug  interactions  and  side 
effects,  reduce  cost,  and  enhance  therapeutic  effi- 
ciency. 

The  increasing  use  of  solutions  for  therapy  and 
for  sterilization  and  storage  of  contact  lenses  has 
exposed  large  numbers  of  people  to  the  potentially 
adverse  effects  of  drug  preservatives.  Thus,  it  is 
important  to  understand  the  mechanisms  underlying 
toxic  and  allergic  reactions  to  minimize  the  adverse 
consequences  of  using  medication,  preserved  ocular 
therapeutic  agents,  and  preserved  saline. 

Drugs  are  introduced  into  the  eye  by  three  major 
methods:  topical  applications  through  drops  or 
ointment;  injection  around  the  globe;  and  systemic 
administration.  In  general,  disorders  of  the  cornea, 
anterior  chamber,  and  iris  are  best  treated  by  topical 
application.  Periocular  application  is  most  effective 
for  therapeutic  doses  of  antibiotics  when  treating 
deep  ocular  infection.  Systemic  administration  is 
necessary  for  conditions  affecting  the  retina,  vitre- 
ous, and  vascular  portions  of  the  eye. 

The  efficacy  of  topically  applied  drugs  depends 
upon  such  factors  as:  characteristics  of  the  vehicle 
(including  its  pH,  ionic  strength,  and  type  of 
polymeric  constituents),  solubility  of  the  drug  in  the 
vehicle,  and  chemical  and  physical  properties  of  the 
ocular  surface. 

Methods  of  topical  drug  delivery  include  tradi- 
tional drops  and  ointments,  and  newer  methods  such 
as  ocular  inserts  that  diffuse  drugs  at  a  constant  rate 
over  a  long  period  of  time  at  lower  concentrations 
than  are  required  with  pulsing  methods.  In  addition, 
minipumps  have  been  developed.  These  are  devices 
that  instill  small  quantities  of  a  drug  in  the  inferior 
conjunctival  sac  to  provide  a  steady  supply  at 
therapeutic  concentrations. 

Although  toxic  effects  of  ocular  and  systemic 
medications  on  the  eye  have  been  recognized  for  a 


long  time,  only  recently  has  this  become  the  subject 
of  any  significant  amount  of  investigation.  For 
example,  use  of  echothiophate  iodide  in  the  treat- 
ment of  glaucoma  has  been  shown  to  induce  ocular 
pseudopemphigoid  in  two  cases. 50  Also,  significant 
scarring  and  vascularization  of  the  ocular  surface 
may  result  from  prolonged  use  of  topical  antivir- 
als. 51  The  high  incidence  of  ocular  allergy  attribut- 
ed to  preservatives  in  ocular  solutions  is  a  particular 
source  of  concern,  since  substantial  numbers  of 
patients  are  involved.  (See  also  Volume  Two,  Part 
One,  Report  of  the  Retinal  and  Choroidal  Diseases 
Panel,  Chapter  7,  "Toxic  and  Environmental  Disor- 
ders" and  Part  Three,  Report  of  the  Cataract  Panel, 
Chapter  6,  "Cataract  Induced  by  Environmental 
and  Toxic  Effects"). 


AREA  OBJECTIVES 


To  assess  adverse  drug  influences  on  the  ocular 
surface,  including  toxicity  and  immunologic  re- 
sponse mechanisms. 

To  develop  new  and  improved  methods  of  ocular 
surface  drug  delivery. 


OVERVIEW  OF  CURRENT 
RESEARCH  SUPPORT 

In  FY  1981,  the  National  Eye  Institute  funded  one 
grant  at  a  total  cost  of  $126,000  for  research  on 
ocular  drug  delivery  and  toxicity  in  the  NEI 
Corneal  Diseases  program.  Sensitization  of  corneal 
and  conjunctival  cells  by  antigen  was  investigated  in 
this  project.  Components  of  projects  classified  in 
other  Corneal  Diseases  subprograms  are  also  related 
to  this  area.  Another  principal  investigator  studied 
ocular  penetration  of  antibiotics  in  an  animal  model, 
with  some  emphasis  on  mechanisms  of  penetration 
and  effectiveness  of  various  kinds  of  topical  applica- 
tion. The  major  support  has  been  for  investigation 
of  drug  effects  on  the  corneal  endothelium;  at  least 
two  investigators  studied  the  effects  of  epinephrine, 
glycerol,  and  other  substances  on  endothelial  cell 
physiology.  Studies  of  the  adverse  effects  of  oph- 
thalmic drugs  on  corneal  epithelium  were  under 
way  in  at  least  three  laboratories. 
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RECENT 
ACCOMPLISHMENTS 


Several  techniques  have  been  developed  (for  exam- 
ple, electrophysiology  and  cell  culture) 52  and  others 
used  (animal  testing,  wound  healing  effects,  perme- 
ability changes,  and  morphology)  to  demonstrate 
the  adverse  effects  of  numerous  ophthalmic  drugs 
on  corneal  epithelium  in  rabbit  models.53-56  Oph- 
thalmic drug  preservatives  (for  example,  thimero- 
sal,  chlorhexidene,  and  benzalkonium  chloride)  have 
been  implicated  in  toxic  reactions,  and  one  (thimer- 
osal)  has  been  suggested  as  a  cause  of  allergic 
reactions  in  a  significant  number  of  wearers  of  soft 
contact  lenses. 57  Corneal  and  conjunctival  tissue 
apparently  contain  Langerhans'  cells  capable  of 
interacting  with  sensitizing  agents  and  provides  a 
mechanism  for  immunologic  sensitization  by  these 
tissues. 44 

The  development  of  sustained  release  artificial 
tear  inserts  has  made  possible  the  effective  treatment 
of  some  dry  eye  patients  whose  condition  had  not 
been  treated  adequately  with  frequent  artificial  tear 
drops.  58-59  The  use  of  ocular  inserts  has  been  shown 
to  be  effective  for  some  forms  of  antivirals  60  and  for 
antibiotics  in  the  treatment  and  prophylaxis  of 
trachoma.  61 


RESEARCH  NEEDS 
AND  OPPORTUNITIES 


Cellular  interactions  with  antigens  and  haptens  in 
conjunctival  tissue  must  be  assessed  with  respect  to 
immunologic  sensitization  and  tolerance.  The  specif- 
ic adverse  effects  of  preservatives  on  the  tear  film 
and  on  ocular  surface  cell  characteristics  such  as 
mitotic  rate,  as  well  as  reepithelialization  in  vivo 
and  in  vitro,  should  be  determined.  The  use  of 
alternative  preservatives,  such  as  parabens,  which 
have  fewer  side  effects,  should  be  explored. 


RECOMMENDATIONS 

Based  on  the  foregoing  assessment  of  recent  accom- 
plishments, current  activities,  and  research  needs 
and  opportunities  in  "Drug  Delivery  and  Toxicity," 
the  Panel  has  made  the  following  recommendation 
concerning  research  in  this  area  over  the  next  five 
years.  This  has  been  designated  as  a  Program 
Development  Priority  because  there  is  little  or  no 
support  in  this  area  at  present  but  it  is  one  where 
there  is  both  great  need  and  high  potential  for 
success.  This  area  is  judged  to  warrant  increased 
support  over  the  next  five  years,  provided  that  high 
quality  applications  for  research  grants  in  this  area 
are  forthcoming. 

Program  Development  Priority 

■  Understand  immunologic  reactions  to  conjuncti- 
vally  applied  antigens  and  haptens. 


Alternative  methods  for  low-dose,  continuous  appli- 
cation of  drug  and  tear  substitutes  need  to  be 
developed  and  perfected,  particularly  the  use  of 
minipumps  for  delivering  aqueous  and  mucin  substi- 
tutes for  the  tear  film. 

In  ocular  drug  toxicity  and  allergy  studies,  newer 
methods  should  be  investigated  for  assessing  drug 
and  drug  vehicle  effects  on  epithelial  cells,  such  as 
utilizing  cell  culture,  electrophysiology  of  epithelial 
layers,  and  fluorophotometry.  In  vitro  studies  using 
cultured  epithelial  cells  and  corneoscleral  prepara- 
tions can  be  used  to  assess  the  effects  of  drugs  on 
mitosis,  healing  rate,  and  long-term  viability. 


RESOURCE 
REQUIREMENTS 

After  reviewing  current  research  grant  support  in 
each  of  these  categories  and  assessing  the  need  and 
potential  for  future  development,  the  Panel  has 
estimated  the  number  of  projects  it  believes  are 
needed  to  carry  out  its  recommendations  in  FY 
1983.  These  estimates  are  shown  in  the  following 
table.  For  a  discussion  of  the  general  basis  and 
significance  of  these  projections,  see  the  "Sum- 
mary" at  the  beginning  of  this  report. 
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RESOURCE  TABLE 


C.  DRUG  DELIVERY  AND  TOXICITY 


No.  of  Grants 
FY  1981 


Panel  Recommendation  FY  83 


Add.  Grants 


Total  Grants 


Program  Development  Priority 

A.  Understand  immunological  reactions  to  conjunctivally 
applied  antigens. 

Subtotal  Grants 
(%  of  Program) 

Total  Estimated  Cost 


1 

(1) 

$126,000 


1 

(2) 

$88,000 


2 
(1) 

$214,000 
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REFRACTIVE 
PROBLEMS  AND 
CONTACT 
LENSES 


A.  CONTACT  LENSES 

INTRODUCTION 

AN  ESTIMATED  100  million  people  in  the  United 
States  have  refractive  errors,  which  can  be  correct- 
ed by  spectacles,  contact  lenses,  intraocular  lenses, 
or  surgical  techniques.  About  12  to  15  million  of 
these  people  wear  contact  lenses  either  because  of 
their  superiority  over  spectacles  in  correcting  high 
refractive  error  without  significant  optical  aberra- 
tion, their  convenience  and  efficacy  in  aiding  vision 
for  certain  occupations  and  sports,  or  for  cosmetic 
reasons.  About  7  million  of  these  contact  lens 
wearers  suffer  from  excessively  high  or  irregular 
refractive  errors  which  either  are  inherited  (high 
myopia,  anisometropia),  result  from  surgery  (apha- 
kia, keratoplasty),  or  are  caused  by  infection  or 
trauma. 

Spectacles 

Each  of  the  various  methods  of  correcting  refrac- 
tive error  has  certain  advantages  and  disadvantages. 
Spectacles  are  the  easiest  and  safest  method.  They 
are  also  relatively  inexpensive  and  adequately  cor- 
rect the  vast  majority  of  refractive  errors:  myopia, 
hypermetropia,  astigmatism,  and  presbyopia.  Their 


major  disadvantage  is  that  with  high  refractive 
errors,  such  as  those  occurring  after  cataract  sur- 
gery, and  irregular  astigmatism,  they  may  not 
enable  wearers  to  achieve  vision  levels  required  for 
normal  function.  Moreover,  many  patients  do  not 
like  the  appearance  of  eyeglasses  or  are  annoyed  by 
the  reflections  and  aberrations  that  are  especially 
bothersome  in  higher  power  spectacle  lenses. 

Contact  Lenses 

Contact  lenses  can  also  correct  a  wide  range  of 
refractive  errors.  Several  new  lens  designs  and 
materials  introduced  during  the  past  five  years, 
particularly  gas  permeable  soft  and  hard  lenses, 
have  enabled  many  more  patients  to  wear  lenses 
successfully  than  was  possible  previously.  In  addi- 
tion to  their  use  in  correcting  refractive  problems, 
soft  hydrogel  contact  lenses  can  also  be  used  in  the 
treatment  of  certain  corneal  diseases.  Diseases  such 
as  recurrent  corneal  ulcer,  bullous  keratopathy, 
keratoconus,  and  keratitis  sicca  frequently  are 
helped  by  wearing  such  therapeutic  lenses  (see 
Chapter  2,  "Ocular  Surface  Problems")-  As  tech- 
niques and  materials  improve,  it  may  be  possible  to 
use  contact  lenses  in  the  treatment  of  other  corneal 
diseases. 

Considerable  progress  has  been  made  in  the 
contact  lens  field  during  the  last  decade  including 
the  development  of  lenses  which  some  patients  can 
wear  for  extended  periods  of  time  without  removal. 
Unfortunately,  many  side  effects  and  changes  in 
corneal  physiology,  which  are  not  well  understood, 
accompany  extended  lens  wear.1,2  Until  these  are 
explained,  prolonged  contact  lens  wear  may  be 
suitable  only  for  a  limited  segment  of  the  popula- 
tion. 

In  general,  the  early  development  of  new  contact 
lens  materials  and  extended-wear  lenses  has  not 
been  accompanied  by  a  fundamental  understanding 
of  their  biological  effects.  The  present  challenge  is 
to  develop  satisfactory  contact  lenses  that  will 
significantly  improve  the  vision  of  patients  suffering 
from  high  refractive  errors,  irregular  astigmatism, 
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anisometropia,  or  diseases  that  necessitate  lens  wear 
and  to  evaluate  carefully  their  biological  effects  on 
the  eye. 

Orthokera  to  logy 

Orthokeratology  is  a  method  that  uses  specially 
designed  contact  lenses  in  an  attempt  to  reshape  the 
cornea  and  thereby  reduce  myopic  refractive  error. 
Although  this  has  seemed  to  be  a  reasonably  safe 
way  to  correct  myopia,  the  results  of  recent 
controlled  clinical  trials3"5  have  indicated  that  only 
about  1  to  1.25  diopters  of  change  can  be  induced. 
Because  this  change  is  temporary,  the  continued  use 
of  contact  lenses  is  almost  always  required.  Ortho- 
keratology is  discussed  in  greater  detail  in  the 
second  part  of  this  chapter,  "Modification  of  Re- 
fractive Error." 

Intraocular  Lenses 

Intraocular  lenses  (see  also  Volume  Two,  Part  Three, 
Report  of  the  Cataract  Panel)  are  being  used  increas- 
ingly for  the  visual  correction  of  aphakia  following 
cataract  removal.  They  provide  nearly  optimal 
correction,  because  they  essentially  replace  the  eye's 
natural  lens.  Moreover,  patients  who  receive  lens 
implants  achieve  good  vision  immediately  after 
surgery  and  maintain  it  24  hours  a  day.  This  form  of 
correction  is  especially  important  to  patients  who 
would  have  difficulty  inserting  and  removing  con- 
tact lenses.  Unfortunately,  lens  implants  may  be 
contraindicated  in  many  aphakic  patients  because  of 
certain  ocular  conditions  such  as  glaucoma,  endo- 
thelial dystrophy,  diabetic  retinopathy,  and  corneal 
edema.  Also,  complications  such  as  lens  dislocation, 
cystoid  macular  edema,  chronic  iritis,  and  delayed 
corneal  decompensation  can  occur  after  an  intraocu- 
lar lens  is  implanted.  In  these  situations,  the  intraoc- 
ular lens  may  have  to  be  removed  surgically, 
possibly  resulting  in  a  permanent  reduction  in 
vision. 

Surgical  Techniques 

The  term  refractive  keratoplasty  comprises  several 
different  surgical  procedures  developed  over  the 
last  few  years,  which  modify  the  surface  of  the 
cornea  and  are  designed  to  correct  various  types  of 
refractive  errors.  Theoretically,  surgical  correction 
provides  a  permanent  cure  and  therefore  is  appeal- 
ing both  to  patients  and  practitioners.  In  fact,  some 
results  have  been  encouraging.  Patients  with  high 
refractive  errors,  who  would  otherwise  require 
thick  glasses  and  who  cannot  or  do  not  wish  to 
wear  contact  lenses,  are  particularly  good  candi- 
dates for  this  type  of  visual  correction.  Surgical 
correction    of   the    high    hyperopia    subsequent    to 


cataract  surgery  offers  an  additional  option  to  the 
aphakic  patient.  However,  because  these  procedures 
require  surgery  on  the  healthy  cornea,  they  involve 
some  degree  of  risk  that  must  be  weighed  against 
the  potential  benefit.  Present  scientific  evidence  is 
insufficient  to  evaluate  fully  the  long-term  safety 
and  efficacy  of  refractive  keratoplasty.  Until  more 
information  has  been  gained  on  the  complications, 
expected  magnitude  of  refractive  change,  and  pre- 
dictability of  results,  these  procedures  must  be  used 
with  caution  on  carefully  selected  patients  who  are 
followed  closely  after  surgery.  This  topic  is  dis- 
cussed in  greater  detail  in  the  second  part  of  this 
chapter. 

Research  on  the  correction  of  refractive  error  by 
contact  lenses  or  surgery  relates  to  portions  of  other 
National  Eye  Institute  programs.  For  example, 
contact  lenses  are  a  principal  method  of  correcting 
vision  in  the  aphakic  patient.  They  are  also  pre- 
scribed for  children  suffering  from  high  anisometro- 
pia, amblyopia,  or  other  sensorimotor  defects,  and 
provide  an  important  means  of  delivering  normal 
imagery  to  the  retina.  More  recently,  high  plus 
contact  lenses  are  being  used  as  part  of  a  telescopic 
system  to  aid  patients  suffering  from  permanently 
decreased  vision. 


AREA 
OBJECTIVES 


To  develop  and  test  new  procedures  and  materi- 
als that  improve  visual  acuity  by  contact  lens 
application. 

To  study  the  biological  effects  of  existing  and 
proposed  procedures  for  correcting  refractive 
error  by  contact  lenses. 

To  improve  and  develop  methods  for  measuring 
the  optical  and  physiological  properties  of  the 
cornea. 


OVERVIEW  OF  CURRENT 
RESEARCH  SUPPORT 

The  National  Eye  Institute  has  sponsored  only  a 
limited  amount  of  research  on  contact  lenses.  Most 
of  the  developments  in  contact  lens  materials,  lens 
design,  and  accessory  products  such  as  sterilization 
solutions  and  equipment  have  been  supported  by 
private  industry.  Although  sufficient  data  have  been 
accumulated  to  satisfy  the  requirements  of  the  Food 
and    Drug    Administration    for    the    marketing    of 
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contact  lenses  as  ophthalmic  devices,  much  impor- 
tant   basic    information   still    needs    to   be   gained. 

In  FY  1981,  the  National  Eye  Institute  sponsored 
two  studies  on  contact  lenses,  at  a  total  cost  of 
$124,000.  Both  pertained  to  the  oxygen  need  of  the 
human  cornea  and  how  it  is  affected  by  extended 
contact  lens  wear,  in  particular,  the  physiological 
effects  of  contact  lens  wear  on  the  cornea,  such  as 
hypoxia  and  changes  in  corneal  sensitivity,  and  gas 
transmission  by  several  contact  lens  materials.  A 
third  study,  in  another  Corneal  Diseases  subpro- 
gram (see  Chapter  2),  measured  tear  film  changes 
accompanying  contact  lens  wear. 

The  Department  of  Defense  sponsored  a  project 
to  study  the  possible  effects  of  orthokeratology  on 
the  onset  of  keratoconus  or  irregular  astigmatism. 


RECENT 
ACCOMPLISHMENTS 

Several  recent  important  developments  in  new  and 
improved  contact  lens  materials  will  permit  success- 
ful fitting  of  lenses  to  a  larger  segment  of  the 
population.  Extended-wear  contact  lenses  are  now 
available  for  cataract  patients,  and  four  types  now 
have  been  approved  by  the  Food  and  Drug 
Administration — more  will  no  doubt  be  introduced. 
Two  types  have  a  high  water  content  that  improves 
oxygen  transmissibility. 6,T  Other,  less  permeable 
lenses  are  made  with  small  optic  zones  so  that 
adequate  oxygen  is  transmitted  through  the  thinner 
carrier  flange  of  the  lenticular  portion.  These 
advances  in  the  design  of  contact  lenses  for  aphakics 
have  been  made  possible  by  an  improved  under- 
standing of  some  of  the  effects  of  such  lenses  on 
corneal  physiology  and  vision.  However,  more 
information  is  needed  to  understand  completely  the 
response  of  aphakic  eyes  to  extended  contact  lens 
wear. 

Lens  manufacturers  have  also  been  developing 
extended-wear  lenses  for  cosmetic  use.  Recently 
two  such  lenses  have  been  approved  by  the  FDA 
for  prolonged  wear  by  myopic  patients.  Because 
little  is  known  about  the  long-term  effects  of 
currently  available  extended-wear  lenses  in  other- 
wise normal  nearsighted  or  farsighted  eyes,  careful 
observations  should  be  made  of  such  eyes. 

Improvements  have  also  been  made  in  the  hydro- 
gel  contact  lenses  used  to  treat  various  corneal 
diseases.  For  example,  the  new  lenses,  which  trans- 
mit greater  amounts  of  oxygen  to  the  corneal 
epithelium,  apparently  promote  better  healing. 

Recently,  the  FDA  approved  the  marketing  of 
two  gas-permeable  hard  contact  lenses  which  had 
been  under  development  for  several  years.  These 
lenses  are  an  improvement  over  conventional  hard 


contact  lenses,  which  transmit  no  oxygen,  because 
they  permit  a  moderate  amount  of  oxygen  to  pass 
through  their  substance.  Many  types  of  refractive 
errors,  such  as  irregular  corneas  and  high  astigma- 
tism, that  have  not  been  correctable  with  oxygen- 
permeable  soft  lenses  now  may  be  corrected  with 
these  hard,  gas-permeable  lenses.  The  development 
of  improved  hard  contact  lens  materials,  which 
transmit  enough  oxygen  to  satisfy  the  physiological 
requisites  of  the  cornea,  will  offer  a  distinct  and 
viable  alternative  to  present  hydrogel  lenses. 

Some  of  the  adverse  biological  effects  of  contact 
lens  wear  recently  have  been  investigated.  Unfortu- 
nately, their  causes  and  how  to  prevent  them  are 
not  well  understood.  New  information  about  the 
oxygen  requirements  of  the  cornea  and  the  influence 
of  hypoxia  on  corneal  physiology  has  been 
gained.8,9  For  example,  it  has  been  shown  that 
covering  a  cornea  with  a  contact  lens  can  lead  to 
corneal  edema,  epithelial  cell  loss,  neovasculariza- 
tion, endothelial  bedewing,  subepithelial  infiltrates, 
corneal  striae,  and  infection.10-14  At  oxygen  levels 
below  that  required  for  normal  metabolism,  the 
cornea  swells,  initiating  a  reaction  that  subsequently 
may  alter  corneal  physiology. 15  Stromal  edema 
subsequent  to  epithelial  hypoxia  apparently  is 
caused  by  the  accumulation  of  lactic  acid  in  the 
cornea. 16  Several  studies  have  demonstrated  that 
when  oxygen  levels  are  sufficient  for  normal  corne- 
al epithelial  metabolism,  many  undesirable  effects  of 
contact  lens  wear  can  be  prevented.  Investigators 
now  understand  also  how  lens  materials  affect 
oxygen  transmission  and  how  the  transmission  rate 
may  influence  corneal  function.  6 

Other  studies  have  indicated  that  there  may  also 
be  side  effects  of  contact  lens  wear  unrelated  to 
corneal  hypoxia.  These  include  giant  papillary 
conjunctivitis, 17  alterations  in  corneal  curvature, 
and  a  "tight-lens  syndrome,"11  which  consists  of 
pain,  hyperemia,  loss  of  epithelial  cells,  corneal 
swelling,  and  anterior  uveitis.  Many  of  these  compli- 
cations may  stem  from  alterations  in  tear  chemistry, 
inadequate  tear  pumping  underneath  the  lens,  or 
structural  changes  within  the  cornea  or  conjunctiva 
that  affect  the  compatibility  of  the  lens  with  the 
eye. 18 

During  the  past  few  years,  new  clinical  instru- 
mentation for  monitoring  corneal  and  visual 
changes  has  been  developed,  including  photoelec- 
tric keratoscopes  for  measuring  corneal  con- 
tour, 192°  an  electronic  digital  pachymeter  for  moni- 
toring corneal  thickness, 21  and  the  specular  micro- 
scope for  assessing  the  morphology  of  the  endothe- 
lium. —  Additionally,  new  instruments  such  as  the 
fluorophotometer, 23  corneal  anaesthesiometer, 24 
and  oxygen  sensor25  have  been  designed.  The 
fluorophotometer  has  been  used  to  study  tear  flow 
under  contact  lenses  and  examine  tear  secretion,  tear 
flow  rates,  and  their  effect  on  the  cornea. 2G  It  also 
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has  potential  use  in  studying  the  permeability  of  the 
epithelium  and  endothelium  during  contact  lens 
wear.  In  addition,  measurements  of  corneal  touch 
and  sensation  may  prove  to  be  important  indicators 
of  changes  in  corneal  physiology. 27  Considerable 
progress  has  been  made  in  developing  sensors  for 
precisely  measuring  oxygen  uptake  by  the  cornea.  28 


many  people  suffering  from  other  corneal  condi- 
tions could  be  helped  if  they  were  able  to  wear 
contact  lenses.  New  lens  designs  and  materials 
specifically  developed  for  patients  with  these  dis- 
eases are  needed,  as  are  lenses  for  correcting 
complex  visual  anomalies  leading  to  sensorimotor 
dysfunction,  such  as  juvenile  aphakia,  microphthal- 
mia, nystagmus,  and  high  refractive  error. 


RESEARCH  NEEDS 
AND  OPPORTUNITIES 

There  are  many  challenging  opportunities  for  re- 
search that  promise  to  advance  understanding  of 
contact  lens  refractive  correction  of  the  eye  and  the 
effect  of  these  corrections  on  corneal  physiology.  In 
general,  industry-funded  research  has  been  con- 
cerned with  materials  rather  than  with  understand- 
ing the  basic  principles  of  the  ocular  and  visual 
responses  to  contact  lens  wear.  Specifically,  funda- 
mental questions  remain  unanswered  on  the  biologi- 
cal effects  of  extended-wear  lenses,  the  etiology  of 
these  effects,  and  the  ocular  characteristics  that  may 
make  certain  patients  more  susceptible  to  complica- 
tions. No  adequate  animal  model  has  been  devel- 
oped to  assess  the  long-term  effects  of  extended- 
wear  lenses.  Similarly,  no  randomized  controlled 
clinical  trials  have  been  conducted  comparing  the 
effects  of  extended  wear  with  conventional  daily 
lens  wear.  Such  studies  are  essential  if  the  risk/ 
benefit  ratios  of  extended-wear  lenses,  daily  wear 
lenses,  and  refractive  keratoplasty  are  to  be  com- 
pared. 


Tests  and  Procedures 

Because  the  biological  effects  of  extended-wear 
contact  lenses  and  the  basic  mechanisms  underlying 
the  corneal  changes  accompanying  extended-wear 
are  not  well  understood,  meticulously  controlled 
laboratory  and  clinical  trials  that  monitor  the  visual 
and  ocular  effects  of  extended-wear  must  be  con- 
ducted so  that  practitioners  and  patients  can  deter- 
mine the  risk/benefit  ratio.  For  this  purpose,  a 
standardized  series  of  tests  and  procedures  should 
be  devised.  Such  tests  might  include  analysis  of  fluid 
flow  and  tear  chemistry  and  measurement  of  corne- 
al topography,  epithelial  and  stromal  corneal  thick- 
ness, oxygen  flux,  ocular  rigidity,  and  corneal 
sensitivity  and  their  relationship  to  contact  lens 
wear. 

Predictive  tests  and  procedures  should  also  be 
developed  to  aid  in  identifying  people  who  would 
be  good  candidates  for  extended-wear  contact 
lenses,  especially  among  cataract  patients,  and  to 
enable  preoperative  decisions  about  which  type  of 
visual  rehabilitation  (intraocular  lens,  refractive 
keratoplasty,  extended-wear  contact  lens)  may  be 
preferable. 


Materials 

There  is  need  for  continued  development  and 
improvement  of  contact  lens  materials  that  (1) 
provide  optimal  oxygen  transmissibility  and  ade- 
quate lens  life,  and  (2)  correct  a  wide  range  of 
refractive  errors  (astigmatism,  presbyopia,  and  high 
refractive  error).  Most  current  lens  designs  lack  one 
or  more  of  these  properties. 

Reduced  oxygen  transmission  is  a  particularly 
important  problem  in  correcting  high  refractive 
errors  (especially  aphakia)  with  gel  lenses,  since  the 
large  center  thickness  of  the  lens  reduces  diffusion 
of  oxygen.  New  cleaning  solutions  and  cleaning 
methods  that  will  add  to  lens  life  must  be  devel- 
oped. Many  patients  have  difficulty  keeping  their 
lenses  clean  because  various  materials  build  up  on 
the  lens.  This  is  annoying  and  potentially  harmful  to 
the  cornea  and  greatly  adds  to  the  cost  of  wearing 
contact  lenses  if  they  need  to  be  replaced  frequent- 

ly. 

Although  contact  lenses  can  now  be  used  to  treat 
patients   with   a  wide   variety  of  corneal   diseases, 


Studies  of  the  Optical  and  Physiological 
Properties  of  the  Cornea 

.Methods  of  measuring  optical  and  physiological 
properties  of  the  cornea  must  be  improved  and 
developed.  As  new  lens  types  and  procedures  for 
correcting  refractive  error  become  available,  appro- 
priate monitoring  and  followup  methods  will  be 
necessary.  The  considerable  technology  being  ap- 
plied in  other  areas  of  visual  science  enables  precise 
monitoring  of  visual  processing.  It  is  possible  that 
methods  such  as  contrast  sensitivity  measurement, 
glare  testing,  and  other  types  of  psychometric 
testing  could  also  be  used  to  monitor  subtle  early 
changes  resulting  from  contact  lens  wear  or  refrac- 
tive surgical  procedures. 

At  present,  investigators  do  not  know  if  eyes  with 
certain  ocular  conditions  such  as  aphakia,  kerato- 
plasty, and  keratoconus  have  physiological  require- 
ments different  from  the  normal  eye.  The  physio- 
logical requisites  for  successful  contact  lens  wear  in 
these  conditions,  in  which  contact  lens  wear  is 
visually  indispensable,  must  be  defined. 
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RECOMMENDATIONS 


See  Recommendations  and  Resource  Requirements 
at  the  end  of  the  following  section,  "Modification 
of  Refractive  Error.  " 
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B.  MODIFICATION  OF 
REFRACTIVE  ERROR 

INTRODUCTION 


When  people  remove  their  contact  lenses  and  put 
on  their  eyeglasses,  they  may  note  blurred  vision 
lasting  for  minutes  to  hours.  This  temporary  de- 
crease in  vision,  called  spectacle  blur,  stems  from  a 
change  in  the  curvature  of  the  cornea  induced  by 
the  contact  lenses.  When  spectacle  blur  lasts  longer 
than  30  to  60  minutes,  an  ill-fitting  contact  lens  is 
suspected,  and  a  different  hard  contact  lens  or  a  soft 
(hydrogel  or  hydrated)  lens  is  recommended.  Sever- 
al studies  have  attempted  to  determine  whether 
contact  lenses  can  slow  the  progression  of  myopia 
or  keratoconus,  but  none  has  yet  produced  evidence 
to  support  this  concept. 

In  some  people,  after  years  of  wear,  a  hard 
contact  lens  may  modify  the  corneal  curvature  to 
produce  a  permanent  warpage;  that  is,  change  the 
curvature  from  a  spherical  to  an  ovoid  surface  in 
which  the  curvature  in  one  meridian  is  different 
from  that  in  another.  This  induced  state  of  corneal 


65 


Vision  Research— A  National  Plan:  1983-1987 


Report  of  the  Corneal  Diseases  Panel 


warpage  is  sometimes  associated  with  permanent 
spectacle  blur;  that  is,  even  with  the  best  possible 
glasses,  such  individuals  cannot  achieve  the  same 
level  of  vision  as  they  can  with  the  contact  lenses  in 
place.  Even  soft  contact  lenses  containing  30  to  80 
percent  water  can  induce  changes  in  corneal  curva- 
ture (steepening  and  astigmatism),  but  the  degree  of 
change  usually  is  smaller  and  rarely  permanent. 
It  has  been  found  that  when  some  people  remove 
their  hard  contact  lenses  at  night,  their  distance 
vision  without  glasses  is  better  than  it  was  prior  to 
contact  lens  fitting.  Given  these  observations  of 
inadvertant  modification  of  the  corneal  curvature, 
the  question  arises  as  to  why  the  corneal  curvature 
could  not  be  purposely  modified  with  contact 
lenses,  to  reduce  nearsightedness  permanently  and 
improve  distance  vision. 

Orthokeratology 

Optometrists  have  experimented  with  modifying 
contact  lens  fitting  techniques  to  flatten  the  corneal 
curvature.  Such  flattening  reduces  nearsightedness, 
and  thereby  improves  distance  vision.  These  corneal 
molding  procedures,  called  orthokeratology,  have 
been  used  in  thousands  of  patients  over  the  last  10 
years.  The  basic  approach  is  to  use  hard  contact 
lenses  that  are  fitted  slightly  flatter  than  standard 
lenses.  Once  the  cornea  assumes  the  shape  of  the 
new  lens,  an  even  flatter  lens  is  fitted. 

Refractive  Surgery 

Other  investigators  have  attempted  to  modify  or 
change  refractive  errors  in  different  ways.  Because 
highly  myopic  patients  whose  cataracts  have  been 
removed  have  almost  no  residual  refractive  error, 
ophthalmologists  in  some  countries  will  remove  a 
clear  lens  to  treat  high  myopia.  However,  this 
approach  entails  performing  a  surgical  procedure  in 
a  myopic  eye  whose  vision  can  be  corrected  by 
nonsurgical  means.  Another  approach  to  treating 
high  myopia  has  been  to  reduce  the  length  of  the 
eyeball  by  compressing  the  globe  through  surgery 
on  the  sclera.  However,  because  this  procedure  is 
technically  difficult  and  has  been  unpredictable,  it  is 
used  only  in  extreme  cases  of  elongated  globe  in 
which  posterior  tissues  have  become  very  thin 
(staphyloma). 

Attempts  to  shrink  the  collagen  in  the  cornea  to 
flatten  the  corneal  curvature  have  been  reported 
(thermokeratoplasty,  Los  Alamos  keratoplasty). 
None  of  these  procedures  is  currently  used  on  a 
routine  basis  because  they  tend  to  damage  the 
endothelial  and  epithelial  basement  membranes  and 
usually  produce  temporary  results;  the  corneas 
return    to    their    initial    curvatures    after    healing. l 


Over  the  last  25  years,  Dr.  Jose  I.  Barraquer  of 
Bogata,  Colombia,  has  developed  techniques  for 
changing  the  corneal  curvature  by  surgical  manipu- 
lation, called  refractive  keratoplasty.  In  these  tech- 
niques, a  section  of  the  anterior  cornea  from  a  donor 
or  the  patient's  own  cornea  is  shaved  off,  frozen, 
ground  on  a  lathe  to  predetermined  curvature  and 
thickness  with  computer  assistance,  thawed,  and 
then  sewn  into  (or  onto)  the  patient's  cornea, 
endowing  it  with  a  new  shape.  The  procedures  for 
aphakic  and  farsighted  cases  (keratophakia  and 
hypermetropic  keratomileusis)  and  for  myopia 
(myopic  keratomileusis)  have  been  performed  in 
laboratory  animals  and  more  than  3,000  patients  by 
Barraquer  and  by  others  in  Germany  and  the  United 
States. 2  In  a  modification  of  these  procedures, 
called  epikeratophakia,  a  carved  donor  corneal  disc 
is  attached  to  the  front  surface  of  a  recipient  cornea. 

Another  technique  to  reduce  corneal  curvature  in 
nearsighted  patients,  radial  keratotomy,  was  intro- 
duced by  Dr.  S.  N.  Fyodorov  of  Moscow  in  1974. 3 
In  his  procedure,  8  or  16  radial  incisions  are  made  in 
the  cornea  to  approximately  80  to  90  percent  of  its 
depth,  as  in  outlining  a  pie  for  cutting,  but  sparing 
the  central  25  percent  of  the  cornea  which  is 
essential  to  vision.  This  results  in  a  flattening  of  the 
central  cornea  which  improves  the  patient's  distance 
vision  without  glasses.  Although  radial  keratotomy 
has  undergone  minimal  laboratory  evaluation,  the 
procedure  has  been  performed  on  thousands  of 
patients  in  Moscow,  and,  since  its  introduction  in 
the  United  States  in  late  1979,  more  than  10,000 
patients  have  undergone  the  procedure  in  this 
country.  However,  its  lasting  efficacy  and  long-term 
safety  remain  to  be  determined.  Relaxing  incisions,  a 
minor  modification  of  this  method,  have  been  used 
for  many  years  to  reduce  astigmatism  after  corneal 
transplantation. 4  More  recently,  interest  has  been 
rekindled  in  the  possibility  of  implanting  hydrogel 
lenses  into  the  corneal  stroma  to  change  the  corneal 
curvature. 5 

Refractive  surgery,  if  proved  safe  and  effective, 
could  provide  a  needed  alternative  to  existing 
methods  of  correcting  refractive  errors.  For  exam- 
ple, following  cataract  extraction,  all  patients  for- 
merly had  to  wear  thick  glasses  that  improved 
distance  vision  straight  ahead,  but  caused  severe 
visual  aberrations  on  the  sides  and  restricted  periph- 
eral vision.  Although  such  patients  can  now  be 
fitted  with  conventional  contact  lenses  which  pro- 
vide improved  peripheral  vision,  daily  contact  lens 
manipulation  presents  a  difficult  or  even  insur- 
mountable problem  for  some  elderly  patients.  Thus, 
the  advent  of  the  implanted  intraocular  lens  to 
replace  the  cataractous  lens  has  been  welcomed  as  a 
means  both  of  providing  superior  visual  correction 
and  of  freeing  many  patients  from  the  need  to  insert 
and  remove  contact  lenses  on  a  daily  basis.  Howev- 
er, intraocular  lens  insertion  may  be  slightly  more 
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risky  than  conventional  surgery,  and  not  all  patients 
can  undergo  this  procedure.  The  introduction  of 
extended-wear  soft  contact  lenses  has  provided  an 
alternative  both  to  intraocular  lenses  and  conven- 
tional daily  wear  contact  lenses,  but  these  too 
produce  certain  problems  as  noted  above,  and  not 
all  patients  can  wear  them.  Consequently,  other 
alternatives  must  be  found  for  patients  who  cannot 
wear  glasses  or  contact  lenses,  or  have  an  intraocu- 
lar lens  implant. 

Many  people  develop  a  cataract  in  one  eye.  To 
permit  binocular  vision  after  cataract  surgery,  their 
vision  must  be  corrected  with  a  contact  lens  or  an 
intraocular  lens.  Patients  who  cannot  use  either  of 
these  lenses  are  unable  to  utilize  the  operated  eye 
even  after  a  successful  surgical  procedure.  Alterna- 
tive means  of  correction  should  be  sought  for  such 
patients. 

Some  children  would  be  good  candidates  for 
improved  types  of  refractive  surgery.  Youngsters 
who  have  congenital  cataracts  or  develop  cataracts 
after  injury  prior  to  age  8  tend  to  develop  ambly- 
opia (see  Volume  Two,  Part  Five,  Report  of  the 
Strabismus,  Amblyopia,  and  Visual  Processing  Panel, 
Chapter  3,  "Amblyopia")  unless  their  condition  is 
adequately  and  rapidly  corrected.  Results  with 
contact  lenses,  eyeglasses,  or  intraocular  lenses  have 
been  poor.  At  present,  investigators  have  no  rou- 
tinely effective  way  of  preventing  amblyopia  in 
young  children  who  have  undergone  cataract  sur- 
gery. The  loss  of  the  use  of  one  eye  can  cause 
psychological,  physical,  and  occupational  handi- 
caps. 

Although  nearsighted  people  are  greatly  benefit- 
ted by  eyeglasses  and  contact  lenses,  a  large 
percentage  of  them  still  do  not  wish  to  wear  these 
aids  because  of  appearance,  inconvenience,  profes- 
sional requirements  (for  example,  police  officers  and 
airline  pilots),  or  participation  in  swimming  or 
contact  sports.  The  increasing  interest  in  orthokera- 
tology  and  radial  keratotomy  supports  the  view  that 
many  people  desire  some  alternative  type  of  vision 
correction  for  nearsightedness. 

Even  among  patients  who  wish  to  be  fitted  for 
contact  lenses,  approximately  10  to  20  percent  are 
unable  to  wear  them  because  of  (1)  abnormalities  of 
the  front  of  the  eye,  (2)  an  abnormal  tear  film,  or  (3) 
psychological  reasons. 

The  cost  of  refractive  surgery  may  be  comparable 
to  that  of  using  lenses  in  the  long  run.  Contact 
lenses  cost  on  the  average  between  $100  and  $400  a 
pair,  and  damaged  or  lost  lenses  cost  from  $20  to 
$50  per  lens  to  replace.  The  price  of  supplies  to 
maintain  contact  lenses  ranges  from  $25  to  $100  per 
patient  per  year.  Aphakic  spectacles  cost  between 
$100  and  $300  and  generally  they  must  be  changed 
every  2  to  3  years.  In  comparison,  many  radial 
keratotomies  are  being  performed  at  a  one-time  cost 
ranging  from  $750  to  $1,500  per  eye. 


To  date,  although  many  procedures  have  been 
developed  to  modify  corneal  curvature,  most  modi- 
fications are  temporary,  and  all  refractive  kerato- 
plasty procedures  are  unpredictable.  The  ultimate 
capabilities  of  these  procedures,  that  is,  the  maxi- 
mum and  minimum  amount  of  visual  error  that  can 
be  corrected,  are  still  undetermined. 


AREA 
OBJECTIVES 


To  study  the  biological  effects  of  procedures  and 
materials  for  correcting  refractive  error  by  surgi- 
cal means. 

To  develop  and  test  new  procedures  and  materi- 
als that  improve  visual  acuity  by  modifying 
corneal  refractive  properties. 


OVERVIEW  OF  CURRENT 
RESEARCH  SUPPORT 

In  FY  1981,  17  NEI  grants  were  awarded,  at  a  total 
cost  of  $1,558,000,  for  research  in  this  area.  This 
included  support  for  10  research  centers  participat- 
ing in  the  Prospective  Evaluation  of  Radial  Kerato- 
tomy (PERK),  a  multicenter  clinical  study  of  radial 
keratotomy. 

The  Veterans  Administration  also  funded  one 
grant  to  study  these  procedures.  Private  institutions 
such  as  Fight  for  Sight,  Inc.,  and  private  organiza- 
tions such  as  the  Contact  Lens  Association  of 
Ophthalmologists,  Inc.,  have  awarded  small  grants 
to  assess  corneal  topographic  changes  after  various 
surgical  procedures.  Additional  studies  not  funded 
by  any  outside  organization  are  evaluating  the  radial 
keratotomy  procedure  and  other  refractive  kerato- 
plasty techniques. 

The  National  Eye  Institute  responded  to  scientific 
and  public  interests  by  rapidly  providing  support  for 
research  on  radial  keratotomy.  The  PERK  study  is 
following  a  carefully  designed  protocol  for  evaluat- 
ing this  procedure  under  controlled  conditions.  In 
this  5-year  study,  500  patients  will  be  followed  to 
determine  the  long-term  safety  and  efficacy  of  the 
procedure. 
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RECENT 
ACCOMPLISHMENTS 


Orthokeratology 

One  study  has  shown  that  orthokeratology  is 
capable  of  reducing  refractive  errors  by  approxi- 
mately 1.5  diopters  and  improving  distance  visual 
acuity  in  some  patients  for  varying  lengths  of  time; 
however,  when  the  lenses  were  removed,  the 
corneas  (and  vision)  tended  to  return  to  prefitted 
levels. 6  Patient  responses  were  varied  and  unpre- 
dictable and  the  weight  of  evidence  to  date  indicates 
that  this  procedure  as  generally  practiced  is  essen- 
tially unscientific  and  not  appropriate  for  correcting 
vision.  A  second  National  Eye  Institute-supported 
study  of  orthokeratology — a  single  center,  random- 
ized controlled  clinical  trial — found  that  no  safety 
hazards  were  identified  with  this  procedure  and 
myopia  could  be  reduced  by  about  1  diopter. 7 
Functional  refractive  error  fluctuated  during  the 
followup  period,  however,  and  changes  were  not 
permanent.  A  major  drawback  to  this  procedure  is 
that  methods  for  maintaining  stable  vision  during 
periods  when  the  contact  lenses  are  not  worn  must 
be  developed  so  that  the  quality  of  vision  during 
these  periods  can  be  predicted.  The  procedure  also 
requires  more  patient  monitoring  to  achieve  and 
maintain  a  physiologically  acceptable  fit  than  do 
conventional  hard  contact  lens  prescriptions.  Until 
these  difficulties  are  resolved,  orthokeratology 
cannot  be  considered  a  clinically  appealing  thera- 
peutic treatment  for  myopia. 

Refractive  Corneal  Surgical  Procedures 
(Excluding  Radial  Keratotomy) 

The  complex  equipment  used  in  refractive  kerato- 
plasty produces  highly  replicable  results  and,  once 
mastered,  is  technically  easy  to  operate.  The  micro- 
keratome,  which  shaves  off  the  anterior  cornea,  is 
more  exact  than  the  free-hand  techniques  formerly 
used  and  does  minimal  damage  to  the  host  tissues. 
However,  during  the  procedure  the  cornea  is 
exposed  to  numerous  hazards;  for  example,  the 
excised  tissue  is  placed  in  a  preservative  solution 
that  is  capable  of  injuring  the  stromal  keratocytes 
and  underlying  endothelium,  and  the  freezing  proc- 
ess required  to  permit  lathing  of  the  tissue  kills 
many  remaining  viable  keratocytes.  Also,  the  micro- 
computer programs  that  calculate  the  final  curva- 
ture and  thickness  of  the  implant  can  predict  results 
only  to  an  accuracy  of  ±10  percent.  Postoperative 
complications  may  include  problems  with  wound 
healing,  slow  recovery  of  visual  acuity,  induced 
astigmatism,  and  a  slight  decrease  in  best-corrected 


vision  as  compared  with  what  would  be  generally 
achievable  with  contact  lenses,  glasses,  or  intraocu- 
lar lenses. 8 

An  advantage  to  the  refractive  keratoplasty  pro- 
cedures is  that  they  can  correct  moderate  to  large 
amounts  of  refractive  errors:  for  aphakia,  up  to  22 
diopters,  and  for  myopia,  up  to  20  diopters.  In  the 
10  to  15  years  of  follow-up  data  available  for  some 
cases, 2  the  surgically  produced  refractive  changes 
appear  to  alter  only  slightly. 

The  epikeratophakia  procedure  has  some  advan- 
tages over  other  refractive  keratoplasty  procedures 
and  radial  keratotomy  in  that  minimal  damage  is 
done  to  the  recipient  cornea.  Its  disadvantages  are 
that  it  increases  the  thickness  of  the  cornea, 9  and, 
like  the  Barraquer  technique,  requires  six  months  of 
healing  before  best  visual  acuity  is  attained.  More- 
over, this  technique  requires  a  special  contact  lens 
to  allow  the  surface  to  be  recovered  with  epithelium 
after  the  procedure.  Visual  acuity  results  in  early 
cases  are  acceptable  and  compare  favorably  with 
those  of  other  refractive  keratoplasty  procedures. 
Inasmuch  as  this  is  the  newest  of  all  the  refractive 
procedures,  followup  studies  are  limited,  and  the 
number  of  cases  are  few. 

Radial  Keratotomy 

In  contrast  to  the  complex  refractive  procedures 
described,  radial  keratotomy  is  relatively  simple  but 
not  yet  standardized,  utilizing  only  a  forceps  to 
fixate  the  eye  and  a  razor  blade  knife  or  equivalent 
to  perform  the  incisions.  The  procedure  does  not 
require  computer  assistance  and  usually  involves  8 
or  16  radially  placed  incisions.  Although  early 
results  clearly  demonstrate  that  radial  incisions  do 
reduce  myopia  at  least  on  a  temporary  basis,  they 
are  unpredictable.  Evidence  suggests  that  if  inci- 
sions are  made  to  90  percent  or  more  of  the  corneal 
depth  and  carried  to  the  edge  of  the  cornea 
(limbus),  greater  correction  can  be  achieved.  Early 
results  have  also  indicated  that  an  average  of  3  to  5 
diopters  of  correction  is  possible.  310U 

Complications  of  the  radial  keratotomy  procedure 
include  many  of  those  documented  in  reports  of 
other  refractive  keratoplasty  procedures.  In  addi- 
tion, the  anterior  part  of  the  eye  can  be  penetrated 
accidentally,  and  intraocular  structures  damaged. 
Epithelium  may  persist  within  the  wounds  months 
after  surgery,  and  blood  vessels  may  enter  the 
wounds  in  the  cornee'  periphery.  Patients'  com- 
plaints include  a  change  in  vision  from  one  time  of 
the  day  to  another,  glare,  visual  distortion,  and 
photophobia  much  like  that  of  orthokeratology 
patients.  The  majority  still  require  glasses  or  contact 
lenses  for  best  corrected  vision  after  the  procedure, 
and  a  few  may  not  be  able  to  regain  their  preoper- 
ative vision  even  with  correction. 
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Nonradial  and  circumferential  cuts  are  thought 
capable  of  reducing  myopia  as  well,  but  it  is  not 
clear  which  technique  or  combination  of  techniques 
produces  the  greater  corrections  with  the  best 
predictability.  The  cuts  made  during  refractive 
keratoplasty  procedures  are  usually  deep,  but  they 
do  not  penetrate  through  the  full  thickness  of  the 
cornea.  Yet  studies  in  owl  monkeys  and  an  early 
clinical  series  have  suggested  that  approximately  10 
percent  of  endothelial  cells  may  be  lost  after  radial 
keratotomy. 12  Although  radial  keratotomy  does 
seem  to  be  effective  in  some  patients,  at  least  in  the 
short  term,  it  remains  difficult  to  predict  the 
outcome  of  the  procedure  in  any  given  patient. 

Collagen  Shrinkage  Procedures 

Early  attempts  at  thermal  shrinkage  of  corneal 
collagen  at  temperatures  exceeding  120°C  (thermo- 
keratoplasty)  produced  definite  but  temporary  re- 
ductions in  corneal  curvature. 13  However,  because 
high  temperature  was  found  to  affect  the  underlying 
corneal  endothelium  and  overlying  epithelium  ad- 
versely, producing  corneal  scars,  endothelial  cell 
damage  with  resultant  edema,  and  ocular  surface 
defects, 13  the  effectiveness  of  using  lower  tempera- 
tures in  this  procedure  is  now  under  investigation. 
Recently,  use  of  a  microprobe  for  applying  heat  to 
create  focal  collagen  denaturation  (Los  Alamos 
keratoplasty  techniques)  has  permitted  directed  col- 
lagen shrinking  without  spreading  thermal  damage 
to  the  endothelium  or  epithelium. 14  The  amount  of 
modification  of  corneal  curvature  achieved  with 
this  technique  is  less  than  that  attained  with  thermo- 
keratoplasty;  assuming  that  the  mechanisms  of  cor- 
neal curvature  change  are  similar,  the  effects  may  be 
just  as  temporary.  However,  better  understanding  of 
collagen  physics  and  chemistry  might  enable  clini- 
cians to  produce  and  maintain  permanent  thermally 
induced  curvative  changes. 


RESEARCH  NEEDS 
AND  OPPORTUNITIES 

There  is  great  medical  and  economic  potential  in 
perfecting  refractive  surgical  procedures  for  apha- 
kia, correcting  myopia,  and  preventing  amblyopia 
associated  with  cataract  removal  in  children.  Al- 
though these  procedures  may  provide  important 
benefits,  they  may  also  pose  serious  risks,  and  many 
of  them  are  being  performed  on  patients  without 
adequate  laboratory  testing  or  critical  clinical  stud- 
ies having  been  done.  At  present,  there  are  no 
programs  for  controlled  clinical  evaluation  of  Barra- 
quer's  refractive  keratoplasty  procedures  or  of 
epikeratophakia.  Therefore,  increased  National  Eye 


Institute  support  is  required  to  support  the  collec- 
tion of  adequate  data  on  the  safety  and  efficacy  of 
these  procedures  before  they  are  applied  to  large 
numbers  of  patients. 

Appropriate  animal  models  are  essential  for  de- 
veloping and  analyzing  the  short-  and  long-term 
effects  of  the  various  refractive  corneal  surgical 
procedures.  Improved  utilization  of  computers  will 
help  in  developing  mathematical  models  for  these 
surgical  procedures  and  will  assist  in  patient  selec- 
tion. New  contact  lens  materials,  which  could  be 
used  for  intrastromal  implantation  should  be  tested 
to  determine  their  biocompatibility  with  the 
cornea. 15  The  efficacy  of  such  surgical  techniques 
as  microcollagen  shrinkage  procedures  to  modify 
corneal  curvature  must  be  evaluated.  New  instru- 
ments, perhaps  employing  ultrasound,  must  be 
developed  to  permit  corneal  incisions  of  predictable 
depth.  Refined  surgical  techniques,  such  as  those 
employing  lasers  or  new  types  of  surgical  blades, 
are  needed  to  minimize  corneal  damage.  Investiga- 
tors must  assess  adjunctive  techniques  to  maintain 
surgically  induced  corneal  changes,  such  as  the 
concomitant  use  of  "splint"  contact  lenses  or  topical 
corticosteroids  after  refractive  corneal  surgery. 

By  improving  surgical  procedures  to  simplify 
corneal  lathing,  eliminating  the  need  for  freezing, 
and  otherwise  modifying  or  developing  techniques 
and  instrumentation,  investigators  may  be  able  to 
make  the  Barraquer  type  of  refractive  corneal 
surgery  technically  easier  and  available  to  more 
patients. 

Studies  of  the  mechanical,  biosynthetic,  and  phys- 
ical factors  that  allow  manipulation  of  corneal  shape 
are  needed.  A  better  understanding  of  these  factors 
will  help  in  predicting  which  corneas  will  respond 
to  modifications  and  thereby  help  in  defining  the 
eligibility  criteria  for  patients  considered  for  these 
procedures.  Because  many  patients  undergoing 
these  procedures  expect  that  surgery  will  improve 
their  vision,  they  try  to  convince  themselves  and  the 
evaluating  surgeon  that  it  has.  To  cope  with  this 
subjective  bias,  it  is  mandatory  to  devise  a  quantita- 
tive, objective  means  to  assess  visual  outcome  and 
complications.  In  particular,  instrumentation  and 
techniques  must  be  designed  to  monitor  objectively 
the  visual  and  physiological  effects  of  various  forms 
of  surgical  modification.  The  long-range  effects  of 
surgical  modification  must  be  evaluated  by  carefully 
arranged,  randomized  controlled  clinical  trials.  The 
results  should  be  compared  with  those  of  conven- 
tional methods  of  correction,  such  as  daily-wear 
contact  lenses,  intraocular  lenses,  and  extended- 
wear  contact  lenses.  Ultimately,  the  indications  for 
and  contraindications  to  all  surgical  corneal-modify- 
ing  procedures  must  be  defined. 
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RECOMMENDATIONS 

Based  on  the  foregoing  assessment  of  recent  accom- 
plishments, current  activities,  and  research  needs 
and  opportunities  in  "Refractive  Problems  and 
Contact  Lenses,"  the  Panel  has  made  the  following 
recommendations  concerning  research  in  this  sub- 
program over  the  next  five  years.  These  have  been 
grouped  under  two  headings:  Program  Base  and 
Program  Development  Priorities. 

The  Program  Base  is  an  area  of  ongoing  research 
in  which  there  may  be  great  need  for  additional 
activity,  but  where,  in  the  Panel's  judgment,  little  or 
no  opportunity  (new  methods  or  insights)  exists  at 
present  to  justify  a  significant  expansion  of  effort. 
Nonetheless,  additional  applications  for  research 
grants  in  this  area  may  be  funded  if  they  are 
innovative  and  of  very  high  quality  as  determined 
by  the  NIH  peer  review  system. 

Program  Development  Priorities  include  areas  of 
ongoing  research  in  which  new  knowledge  and 
techniques  offer  particular  opportunities  for  scientif- 
ic progress,  or  promising  new  areas  of  research  in 
which  there  is  little  or  no  support  at  present  but 
where  there  is  both  great  need  and  high  potential 
for  success.  Such  areas  are  judged  to  warrant 
significantly  increased  support  over  the  next  five 
years,  provided  that  high  quality  applications  for 
research  grants  in  this  area  are  forthcoming. 


Program  Base 

■  Evaluate  the  safety  and  efficacy  of  new  proce- 
dures and  materials  for  contact  lens  correction  of 
refractive  error. 


Program  Development  Priorities 

■  Develop  special  lens  designs  and  materials  for 
correcting  refractive  errors  that  are  not  other- 
wise correctible  by  standard  therapy. 

■  Study  the  biological  effects  of  procedures  and 
materials  for  surgical  or  lens  correction  of  refrac- 
tive error. 

■  Improve  and  develop  methods  for  mensuration  of 
optical  and  physiological  properties  of  the 
cornea. 


RESOURCE 
REQUIREMENTS 

After  reviewing  current  research  grant  support  in 
each  of  these  categories  and  assessing  the  need  and 
potential  for  future  development,  the  Panel  has 
estimated  the  number  of  projects  it  believes  are 
needed  to  carry  out  its  recommendations  in  FY 
1983.  These  estimates  are  shown  in  the  table  on  the 
following  page.  For  a  discussion  of  the  general  basis 
and  significance  of  these  projections,  see  the  "Sum- 
mary" at  the  beginning  of  this  report. 
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RESOURCE  TABLE 

REFRACTIVE  PROBLEMS  AND  CONTACT  LENSES 


No.  of  Grants  Panel  Recommendation  FY  83 


FY  1981  Add.  Grants  Total  Grants 


Program  Base 

A.  Evaluate  safety  and  efficacy  of  new  procedures  and 
materials  for  contact  lens  correction  of  refractive 


Program  Dcvelopmenl  Priorities 

A.  Develop  lens  design  and  materials  for  correcting 
refractive  errors  that  are  not  otherwise 
correctible  by  standard  therapy. 

B.  Study  biological  effects  of  procedures  and  materials 
for  surgical  or  lens  correction  of  refractive  error. 

C.  Improve  and  develop  methods  for  mensuration  of  op- 
tical and  physiological  properties  of  cornea. 

Subtotal  Grants 
(%  of  Program) 

Total  Estimated  Cost 


16** 

4 

20 

0 

2 

2 

19 

7 

26 

(12) 

(13) 

(12) 

$1,682,000 

$1,100,000 

$2,782,000 

Includes  one  single-center  clinical  trial:    Contact  Lens  Effects 
on  Refractive  Errors  (Orthokeratology). 
Includes  ten  grants  for  one  multicenter  clinical  trial:    Pro- 
spective Evaluation  of  Radial  Keratotomy  (PERK  Study). 
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CORNEAL 

EDEMA, 

ENDOTHELIAL 

DYSFUNCTION, 

DYSTROPHIES, 

AND  INHERITED 

DISEASE 


FOR  CONVENIENCE  and  easy  reference,  the 
Panel  has  divided  this  chapter  into  seven  sections  as 
follows: 

■  Endothelial    Tissue    Culture,    Replacement,    and 
Repair 

■  In  Vivo  Evaluation  of  Corneal  Epithelial  and 
Endothelial  Membrane  Function 

■  In  Vivo  Morphologic  Evaluation — Specular  Mi- 
croscopy 

■  Endothelial  and  Epithelial  Transport  Processes 
(Corneal  Hydration  and  Edema) 

■  Stromal  Swelling  and  Transparency 

■  Normal  Corneal  Development 

■  Corneal    Dystrophies,    Inherited   Disorders,   and 
Developmental  Anomalies 


A.  ENDOTHELIAL 
TISSUE  CULTURE, 
REPLACEMENT, 
AND  REPAIR 

INTRODUCTION 


The  corneal  endothelium,  which  is  vital  to  maintain- 
ing corneal  clarity,  is  a  delicate  layer  of  cells  with 
no  natural  regenerative,  and  only  limited  reparative, 
capabilities  in  man.  If  these  cells  are  missing  or 
malfunctioning,  permanent  corneal  edema  and  loss 
of  corneal  transparency  occurs.  Corneal  transplanta- 
tion   is    required    for    a    return    of  normal    vision. 

The  stimulation  or  replacement  of  these  cells 
without  corneal  transplantation  has  been  a  long- 
term  goal  in  ophthalmology.  The  ability  to  maintain 
in  tissue  culture  corneal  endothelium  from  a  variety 
of  different  animals  recently  has  been  gained. 1_6  It 
has  also  been  possible  to  transplant  these  cells  from 
tissue  culture  back  into  animal  eyes  to  produce  a 
return  of  normal  corneal  clarity.4-8  It  is  now 
possible  to  stimulate  the  cells  in  tissue  culture  to 
divide; a  10  experiments  in  animals  have  been  per- 
formed to  establish  the  feasibility  of  stimulating 
these  cells  to  divide  in  vivo. 10,11 

The  potential  human  application  of  this  initial 
research  in  animals  is  far-reaching;  it  could  add  a 
new  dimension  to  corneal  transplantation.  Patients 
with  corneal  edema  prior  to  the  onset  of  scarring 
would  need  only  to  have  the  endothelial  layer 
stimulated  or  replaced  to  achieve  a  return  of  normal 
corneal  clarity.  With  current  techniques,  it  is  first 
necessary  to  obtain  a  donor  cornea  and  then 
perform  a  penetrating  keratoplasty  in  which  all 
layers  of  the  cornea  are  transplanted. 

Corneal  transplants  are  being  performed  increas- 
ingly  to   resolve   corneal   edema.   Ocular   surgical 
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procedures,  for  example,  those  used  for  cataract 
treatment,  have  the  potential  for  causing  loss  of 
corneal  endothelial  cells.  Thus,  the  ability  to  repair 
or  replace  the  corneal  endothelium  is  important. 
There  are  at  least  three  major  advantages  to  using 
tissue-cultured  corneal  endothelium  rather  than  ca- 
daver corneas  as  a  donor  source.  The  use  of  cells 
from  tissue  culture  would: 

■  Eliminate  delays  due  to  a  lack  of  consistently 
available  donor  material. 

■  Enable  transplantation  of  mitotically  active  cells 
rather  than  the  dormant  cells  present  in  cadaver 
corneas. 

■  Enable  manipulation  of  the  immunogenicity  of 
the  corneal  endothelium  by  selecting  endothelial 
cells  from  tissue  culture  with  known  transplanta- 
tion antigens.  Moreover,  if  the  patient's  own 
epithelium  and  stroma  were  used,  transplanting 
the  single  endothelial  layer  would  produce  a  less 
quantitative  immune  challenge. 

With  further  refinement  in  growing  endothelium 
in  tissue  culture,  it  will  also  be  possible  to  evaluate 
aging  characteristics,  physiological  function,  and 
biosynthetic  characteristics  of  normal  and  diseased 
endothelium  in  vitro.  This  might  enhance  under- 
standing of  the  disease  processes  involved  in  endo- 
thelial dystrophies  and  could  lead  to  more  effective 
treatments. 

Although  considerable  progress  has  been  made, 
the  best  media  or  media  supplements  for  the  tissue 
culture  of  corneal  endothelium  have  not  been 
determined.  The  appropriate  growth  factors  for  in 
vitro  and  in  vivo  stimulation  of  corneal  endothelium 
must  be  identified.  The  importance  of,  and  reasons 
for,  species  variability  of  corneal  endothelium  are 
not  understood.  At  the  clinical  level,  the  compo- 
nents of  the  ideal  surgical  technique  for  transplant- 
ing tissue-cultured  corneal  endothelium  remain  to  be 
determined.  From  a  basic  science  standpoint,  the 
physiological  and  biosynthetic  characteristics  of 
abnormal  and  normal  corneal  endothelium  from 
donors  of  various  ages  must  be  determined  in 
culture. 

This  research  relates  to  many  other  areas  of 
vision  science:  tissue  culture  of  other  ocular  tissues; 
damage  and  repair  after  intraocular  surgery;  wound 
healing  of  other  ocular  tissues;  and  evaluation  of 
pumps  and  membrane  transport  of  other  ocular 
tissues.  It  relates  to  other  areas  of  biomedical 
research  as  well:  tissue  culture  of  other  tissues,  for 
example,  vascular  endothelium,  wound  healing, 
aging,  controls  of  cellular  functions,  cell  biology, 
and  evaluation  of  pumps  and  membrane  transport. 


AREA  OBJECTIVES 


To  evaluate  corneal  endothelial  growth  and 
metabolism  in  normal,  aging,  degenerative,  and 
dystrophic  states  in  vivo  and  in  vitro. 

To  evaluate  the  replacement,  repair,  and  stimula- 
tion of  corneal  endothelium. 


OVERVIEW  OF  CURRENT 
RESEARCH  SUPPORT 

In  FY  1981,  five  NEI  grants  were  funded  in  this 
area  at  a  total  cost  of  $585,000.  Other  NIH  Institutes 
and  the  Veterans  Administration  also  supported  a 
few  grants  in  this  area.  Private  sector  support  in  this 
area  came  from  Fight  for  Sight,  Inc.  Moreover,  at 
least  two  laboratories  with  no  known  external 
funding  were  known  to  be  reporting  data  on  growth 
factor  effects  on  corneal  endothelium. 

The  strengths  of  the  research  that  has  been 
supported  in  this  area  lie  in  the  early  work  on  the 
transplantation  of  tissue-cultured  corneal  endotheli- 
um, which  established  the  feasibility  of  this  concept, 
and  in  the  in  vitro  and  in  vivo  assessment  of  the 
effect  on  the  corneal  endothelium  of  fibroblast  and 
epidermal  growth  factors.  The  weaknesses  include 
the  lack  of  (1)  evaluation  of  the  basic  cell  biology 
and  growth  requirements  of  corneal  endothelium  in 
tissue  cultures  obtained  from  all  species,  especially 
from  man,  (2)  information  on  basic  mechanisms 
underlying  successful  transplantation  of  tissue-cul- 
tured endothelium,  and  (3)  study  of  the  aging  of  the 
endothelium  in  vitro. 

The  previous  Corneal  Diseases  Panel  report 
recommended  evaluating  repopulation  of  the  endo- 
thelial surface  as  an  alternative  to  penetrating 
keratoplasty.  This  has  been  accomplished;  at  least  in 
some  animal  species  this  is  a  realistic  alternative  to 
penetrating  keratoplasty.4-8  Moreover,  the  work 
stimulated  by  that  recommendation  has  opened  up  a 
new  and  exciting  area  of  cornea  research. 


RECENT 
ACCOMPLISHMENTS 

Major  accomplishments  in  this  area  include  the 
growth  and  maintenance  of  corneal  endothelium  in 
tissue  culture  from  rabbits,3-5  cattle,9  and 
humans. 12  This  has  allowed  the  evaluation  of  (1) 
various  growth  factors  in  vitro9,10  and  (2)  in  vivo 
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stimulation  of  endothelium  with  growth  factors 
resulting  in  repair  of  wounds  of  the  endothelial 
surface  which  might  otherwise  have  produced 
longstanding  corneal  edema.1011  Another  signifi- 
cant advance  is  the  successful  transplantation  of 
tissue-cultured  corneal  endothelium4"8  and  vascular 
endothelium  13  in  animals,  resulting  in  a  return  of 
normal  endothelial  physiological  function  and  mor- 
phology and  normal  corneal  clarity.  Because  a 
species  variability  of  the  corneal  endothelium  has 
been  found  both  in  vivo  and  in  vitro, 7  it  is  necessary 
to  choose  animal  models  for  research  that  most 
closely  approximate  the  human  condition  so  that 
better  approaches  can  be  developed  to  endothelial 
replacement  and  repair  in  man. 


RESEARCH  NEEDS 
AND  OPPORTUNITIES 


The  research  needs  in  this  area  fall  under  six  major 
headings. 

■  In  depth  evaluation  of  the  growth  of  endothelial 
cells  in  culture,  including  determination  of  media 
requirements,  media  supplements,  growth  factors, 
passage  frequency,  substrate  requirements  and 
interactions,  as  well  as  species  variability. 

■  Assessment  of  the  characteristics  of  tissue-cul- 
tured corneal  endothelium  from  normals,  both 
man  and  other  animals.  In  particular,  the  aging 
characteristics  of  these  cells  and  the  effect  of 
donor  age  on  in  vitro  characteristics  need  to  be 
determined  as  do  their  in  vitro  physiological 
capabilities  and  biosynthetic  characteristics. 

■  An  in  vitro  comparison  of  endothelium  from 
degenerative  and  dystrophic  conditions  with  en- 
dothelium obtained  from  normal  individuals. 

■  Continued  development  of  the  endothelial  trans- 
plantation process.  More  research  must  be  done 
on  rapid  seeding  and  attachment  of  tissue-cul- 
tured cells  onto  autologous,  homologous,  or 
heterologous  stroma.  The  ideal  seeding  density 
for  successful  transplantation  and  the  immune 
challenge  created  by  this  procedure  remain  to  be 
determined.  The  established  use  of  a  thin  mem- 
brane as  a  carrier  for  cells  from  tissue  culture 
needs  further  investigation,  and  a  nontoxic  adhe- 
sive for  attaching  this  membrane  to  stroma 
should  be  developed.  The  use  of  heterologous 
cells  requires  further  examination.  Immune  char- 
acteristics and  the  possible  alteration  of  tissue 
antigens  during  a  prolonged  time  in  culture 
should  be  investigated.  Expanded  study  is  re- 
quired to  distinguish  autologous  endothelial  cells 
from  other  sources  such  as  blood  vessels. 


■  Further  evaluation  of  in  vivo  stimulation  of 
endothelial  repair.  Which  growth  factors  are  the 
most  appropriate  for  this  use,  and  how  and  when 
to  deliver  them  must  be  determined.  Endothelial 
growth  factor  receptors  need  to  be  characterized. 

■  Development  of  an  animal  model  of  endothelial 
dystrophies,  such  as  Fuchs'  endothelial  dystro- 
phy. 

To  fulfill  these  needs,  a  collaborative  effort 
among  ophthalmologists,  cell  biologists,  immunolo- 
gists,  physiologists,  biochemists,  and  polymer  chem- 
ists must  be  initiated. 


RECOMMENDATIONS 


Based  on  the  foregoing  assessment  of  recent  accom- 
plishments, current  activities,  and  research  needs 
and  opportunities  in  "Endothelial  Tissue  Culture, 
Replacement,  and  Repair,"  the  Panel  has  made  the 
following  recommendations  concerning  research  in 
this  area  over  the  next  five  years.  These  have  been 
grouped  under  two  headings:  Program  Base  and 
Program  Development  Priorities. 

The  Program  Base  is  an  area  of  ongoing  research 
in  which  there  may  be  great  need  for  additional 
activity,  but  where,  in  the  Panel's  judgment,  little  or 
no  opportunity  (new  methods  or  insights)  exists  at 
present  to  justify  a  significant  expansion  of  effort. 
Nonetheless,  additional  applications  for  research 
grants  in  this  area  may  be  funded  if  they  are 
innovative  and  of  very  high  quality  as  determined 
by  the  NIH  peer  review  system. 

Program  Development  Priorities  include  areas  of 
ongoing  research  in  which  new  knowledge  and 
techniques  offer  particular  opportunities  for  scientif- 
ic progress,  or  promising  new  areas  of  research  in 
which  there  is  little  or  no  support  at  present  but 
where  there  is  both  great  need  and  high  potential 
for  success.  Such  areas  are  judged  to  warrant 
significantly  increased  support  over  the  next  five 
years,  provided  that  high  quality  applications  for 
research    grants   in    these    areas   are   forthcoming. 


Program  Base 

■  Evaluate  in  vitro  biosynthetic  and  physiologic 
characteristics  of  corneal  endothelium  derived 
from  normal  corneas  of  various  ages  and  from 
diseased  corneas. 


Program  Development  Priorities 

■  Define  in  vitro  needs  of  corneal  endothelium  in 
tissue  culture  and  develop  techniques  for  trans- 
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planting  tissue-cultured  corneal  endothelium  in 
man. 

Devise  methods  to  stimulate  the  repair  of  native 
corneal  endothelium  in  vivo. 


RESOURCE 
REQUIREMENTS 


potential  for  future  development,  the  Panel  has 
estimated  the  number  of  projects  it  believes  are 
needed  to  carry  out  its  recommendations  in  FY 
1983.  These  estimates  are  shown  in  the  following 
table.  For  a  discussion  of  the  general  basis  and 
significance  of  these  projections,  see  the  "Sum- 
mary" at  the  beginning  of  this  report. 


After  reviewing  current  research  grant  support  in 
each  of  these  categories  and  assessing  the  need  and 


RESOURCE  TABLE 


A.  ENDOTHELIAL  TISSUE  CULTURE,  REPLACEMENT,  AND  REPAIR 


No.  of  Grants 
FY  1981 


Panel  Recommendation  FY  83 


Add.  Grants 


Total  Grants 


Program  Base 

A.  Evaluate  in  vitro  biosynthetic  and  physiologic 

characteristics  of  corneal  endothelium  from  normal 
corneas  of  various  ages  and  from  diseased  corneas. 

Program  Development  Priorities 

A.  Define  in  vitro  needs  of  corneal  endothelium  in  tissue 
culture  and  develop  techniques  for  transplanting  tissue 
cultured  corneal  endothelium  in  man. 

B.  Devise  methods  to  stimulate  repair  of  native 
corneal  endothelium  in  vivo. 

Subtotal  Grants 
(%  of  Program) 

Total  Estimated  Cost 


5 
(3) 

$585,000 


2 
(4) 

$164,000 


7 
(3) 

$749,000 
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B.  IN  VIVO 

EVALUATION  OF 

CORNEAL 

EPITHELIAL  AND 

ENDOTHELIAL 

MEMBRANE 

FUNCTION 

INTRODUCTION 


Preservation  of  corneal  transparency  depends  upon 
the  metabolic  integrity  of  the  epithelium  and  endo- 
thelium. Each  of  these  layers  prevents  stromal 
edema  by  forming  a  barrier  on  the  front  and  back  of 
the  stromal  surface  and  by  the  process  of  active  ion 
transport.  These  properties  can  be  readily  assessed 
in  animal  experiments.  Although  most  techniques  to 
examine  cell  layer  function  have  been  designed  for 
isolated  tissues,  some  may  be  modified  or  extended 
for  use  in  vivo.  When  done  in  vivo,  these  proce- 
dures must  fulfill  the  general  criteria  of  being  safe, 
noninvasive,  and  diagnostically  useful.  Currently, 
no  procedure  meeting  these  criteria  can  be  used  to 
make  early  diagnosis  of  endothelial  dystrophies  or 
degenerations.  While  specular  micrographs  can  doc- 
ument the  presence  of  established  disease,  the 
information  obtained  is  qualitative  at  best. 

Corneal  endothelial  dysfunction  is  a  common 
clinical  entity.  Moreover,  with  traumatic  intraocular 
surgery,  such  as  implantation  of  intraocular  lenses, 
the  incidence  of  aphakic  bullous  keratopathy  is 
increasing.  Clinical  tools  designed  to  assess  corneal 
endothelial  function  would  be  useful  in  selecting 
appropriate  intraocular  surgical  techniques,  thereby 
helping  minimize  the  incidence  of  blindness.  Assess- 
ment of  epithelial  and  endothelial  cell  layer  function 
in  vivo  should  improve  postsurgical  care  and 
followup. 

Currently,  three  relatively  insensitive  methods  are 
used  to  assess  function  of  the  cornea  in  vivo,  as 
adjuncts  to  routine  slit  lamp  examination.  These  are 
pachymetry,  specular  microscopy,  and  fluorescein 
staining  of  the  epithelial  surface.  For  early  diagnosis 
of  disease,  these  tools  need  substantial  refinement, 
and  new  methods  must  be  developed. 

One  major  scientific  concern  is  that  corneal 
functions  determined  in  vitro  with  tissues  from 
animal  models  may  not  be  representative  of  analo- 
gous functions  in  the  intact  human  eye.  For  exam- 
ple, the  widely  accepted  concept  that  stromal 
thickness    is    maintained    primarily    by    endothelial 


transport  processes  is  based  on  the  in  vitro  observa- 
tion that  the  stroma  swells  when  the  cornea  is 
refrigerated,  but  returns  to  normal  thickness  when 
warmed  to  body  temperature. 14  Yet,  when  the 
corneal  temperature  of  humans  or  animals  is  low- 
ered in  vivo,  stromal  edema  is  absent  or  not 
measurable. 15  Animal  models  also  lave  not  general- 
ly taken  into  account  the  possible  effects  of  innerva- 
tion, evaporation  from  the  tear  film,  gradients  in 
temperature,  intraocular  pressure,  and  presence  of 
unknown  factors  in  the  aqueous  humor,  all  of  which 
may  affect  the  function  of  the  corneal  membrane  in 
the  living,  intact  human  eye. 


AREA  OBJECTIVE 


To  devise  better  methods  for  in  vivo  assessment 
of  corneal  endothelial  function  and  make  appro- 
priate morphological  correlations. 


OVERVIEW  OF  CURRENT 
RESEARCH  SUPPORT 


In  FY  1981,  three  National  Eye  Institute  grants 
were  funded  for  research  in  this  area,  at  a  total  cost 
of  $259,000,  one  other  project  not  included  in  this 
subprogram  was  funded  to  measure  the  redox  state 
in  the  cornea  with  microspectrophotometry.  There 
was  no  National  Eye  Institute  support  for  the 
improvement  of  corneal  pachymetry. 


RECENT 
ACCOMPLISHMENTS 

Since  publication  of  the  last  Corneal  Diseases  Panel 
report  in  1978,  continued  research  with  animal 
models,  particularly  the  rabbit,  has  resulted  in 
increased  understanding  of  epithelial  and  endothelial 
function  and  normal  morphology.  Various  tools  that 
can  be  adapted  to  in  vivo  use  have  been  designed  in 
the  research  laboratory.  The  thickness  of  the  cornea 
can  now  be  measured  automatically  and  precisely  in 
vitro  by  the  use  of  microprocessor  technology. 16,17 
Acoustical  microscope  and  ultrasonic  techniques  are 
being  developed  to  read  in  vivo  corneal  thickness. 
This  approach  could  be  especially  useful  to  measure 
thickness  in  situations  where  the  cornea  is  opaque  or 
the  surface  is  irregular.  New  ophthalmic  fluoropho- 
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tometers  developed  for  the  research  setting, 18, 19 
indicate  that  simple  techniques  and  economical 
devices  can  be  produced  for  measuring  corneal 
barrier  properties.  Recently,  a  positive  correlation 
between  endothelial  fluorescein  permeability  and 
corneal  thickness  was  demonstrated  in  patients  with 
corneal  guttata. 20  Mathematical  models  have  been 
devised,2122  suggesting  new  ways  to  assess  corneal 
endothelial  function  through  appropriate  stress  tests. 


RESEARCH  NEEDS 
AND  OPPORTUNITIES 

Research  needs  in  this  area  fall  under  five  major 
headings. 

Corneal  Thickness  Measurement 

The  thickness  of  the  normal  corneal  stroma  in  the 
adult  human  is  about  0.5  mm  in  the  center, 
increasing  to  about  0.75  mm  in  the  periphery.  The 
clinical  pachymeter  can  be  employed  to  follow  the 
progress  of  the  stromal  thinning  that  accompanies 
keratoconus  or  stromal  edema  associated  with  dys- 
trophies or  trauma.  However,  this  device  requires 
considerable  training  to  be  used  correctly.  The 
development  of  an  inexpensive,  state-of-the-art,  ob- 
jective "push-button"  pachymeter  would  make  rou- 
tine measurement  of  corneal  thickness  more  accu- 
rate and  diagnostically  valuable.  Especially  helpful 
would  be  a  machine  that  could  quickly  and  reliably 
measure  corneal  thickness  in  several  areas  at  once. 
Trauma  and  intraocular  surgery  may  produce 
eccentric  and  irregular  endothelial  damage  leading 
to  localized  stromal  edema.  The  degree  of  involve- 
ment cannot  be  assessed  with  the  point-measuring 
pachymeters  available.  A  more  adequate  tool  would 
measure  thickness  along  longitudinal  meridians  ob- 
jectively and  with  high  enough  spatial  resolution  to 
be  employed  in  research. 

Stromal  Dehydration 

The  principal  function  of  the  corneal  endothelium 
with  regard  to  corneal  transparency  is  to  maintain 
stromal  dehydration.  It  appears  that  in  dystrophies 
and  degenerative  changes  accompanying  aging  this 
function  is  compromised  without  early  changes  in 
corneal  thickness.  The  functional  reserve  of  the 
corneal  endothelium  could  be  determined  by  an 
acute  stress  test,  such  as  the  application  of  hypo- 
tonic solutions  or  measuring  the  influence  of  epithe- 
lial hypoxia  on  changes  in  endothelial  morphology 
and  stromal  thickness. 


Fluorophotometry 

Research  fluorophotometers  should  be  developed 
for  use  in  clinical  research,  so  that  correlation 
between  fluorophotometry  and  endothelial  function 
and  morphology  can  be  established  in  health  and 
disease. 


Assessment  of  Corneal  Cell  Function 

Although  fluorophotometry  can  detail  the  involve- 
ment of  endothelial  and  epithelial  barrier  properties 
in  disease,  other  methods  must  be  developed  to 
assess  the  metabolic  aspects  of  cell  function.  Micro- 
spectrophotometric  measurement  of  the  redox  state 
of  the  cornea  in  vivo  should  be  further  developed  in 
animal  experiments.  Other  dyes  and  markers  should 
be  evaluated  for  their  ability  to  give  more  complete 
or  complementary  information  on  endothelial  func- 
tion. The  measurement  of  epithelial  oxygen  con- 
sumption should  provide  clues  to  changes  in  epithe- 
lial metabolism. 


Animal  Model  for  Stress  Test 

An  animal  model  for  endothelial  dystrophies  needs 
to  be  found  to  study  these  problems  adequately  and 
to  monitor  the  safety  of  the  proposed  stress  tests. 
To  meet  these  needs,  an  interdisciplinary  ap- 
proach is  required  involving  ophthalmologists,  bio- 
chemists, mechanical  and  chemical  engineers,  anato- 
mists, pathologists,  biologists,  physical  chemists, 
physiologists,  and  applied  mathematicians. 


RECOMMENDATIONS 

Based  on  the  foregoing  assessment  of  recent  accom- 
plishments, current  activities,  and  research  needs 
and  opportunities  in  "In  Vivo  Evaluation  of  Corneal 
Epithelial  and  Endothelial  Membrane  Function," 
the  Panel  has  made  the  following  recommendations 
concerning  research  in  this  area  over  the  next  five 
years.  These  have  been  grouped  under  two  head- 
ings: Program  Base  and  Program  Development 
Priorities. 

The  Program  Base  is  an  area  of  ongoing  research 
in  which  the  current  level  of  activity  is  considered 
adequate.  Nonetheless,  additional  applications  for 
research  grants  in  this  area  may  be  funded  if  they 
are  innovative  and  of  very  high  quality  as  deter- 
mined by  the  NIH  peer  review  system. 

The  Program  Development  Priority  is  a  promis- 
ing new  area  of  research  in  which  there  is  little  or 
no  support  at  present  but  where  there  is  both  great 
need  and  high  potential  for  success.  This  area  is 
judged   to  warrant  significantly   increased   support 
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over  the  next  five  years,  provided  that  high  quality 
applications  for  research  grants  in  this  area  are 
forthcoming. 


RESOURCE 
REQUIREMENTS 


Program  Base 

■  Develop    methods    for    in    vivo    assessment    of 
epithelial  and  endothelial  barrier  function. 


Program  Development  Priority 

■  Develop    methods    for    in    vivo    assessment    of 
epithelial    and    endothelial    metabolic    function. 


After  reviewing  current  research  grant  support  in 
each  of  these  categories  and  assessing  the  need  and 
potential  for  future  development,  the  Panel  has 
estimated  the  number  of  projects  it  believes  are 
needed  to  carry  out  its  recommendations  in  FY 
1983.  These  estimates  are  shown  in  the  following 
table.  For  a  discussion  of  the  general  basis  and 
significance  of  these  projections,  see  the  "Sum- 
mary" at  the  beginning  of  this  report. 


RESOURCE  TABLE 

B.  IN  VIVO  EVALUATION  OF  CORNEAL  EPITHELIAL 
AND  ENDOTHELIAL  MEMBRANE  FUNCTION 


No.  of  Grants 
FY  1981 


Panel  Recommendation  FY  83 


Add.  Grants 


Total  Grants 


Program  Base 

A.  Develop  methods  for  in  vivo  assessment  of  epithelial 
and  endothelial  barrier  function. 

Program  Development  Priority 

A.  Develop  methods  for  in  vivo  assessment  of  epithelial 
and  endothelial  metabolic  function. 

Subtotal  Grants 
(%  of  Program) 

Total  Estimated  Cost 


3 

(2) 

$259,000 


2 
(4) 

$276,000 


5 
(2) 

$535,000 


C.  IN  VIVO 
MORPHOLOGIC 
EVALUATION- 
SPECULAR 
MICROSCOPY 

INTRODUCTION 


Development  of  the  specular  microscope23  and  its 
extension  to  clinical  use  in  man23,24  has  facilitated 
the  morphological  evaluation  of  the  endothelial 
layer  in  vivo.  The  use  of  this  valuable  tool  has 
increased    understanding    of    the    normal    corneal 


endothelium  and  how  it  is  affected  in  disease. 
Although  the  morphologic  appearance  and  cell 
density  observed  with  the  specular  microscope  will 
not  predict  endothelial  functional  reserve,25"27  this 
instrument  has  proved  to  be  an  important  research 
tool;  however,  complementary  in  vivo  evaluation  of 
physiological  function  is  needed. 

Major  sight-saving  advances  in  intraocular  sur- 
gery and  eye  banking  have  been  achieved  in  the  last 
five  years  as  a  result  of  the  knowledge  gained  with 
specular  microscopy.  This  technique  is  important 
also  in  evaluating  and  modifying  newly  developed 
operative  techniques  and  in  determining  the  relative 
toxicity  of  ocular  drugs.  The  need  for  it  can  be 
demonstrated  by  the  frequency  of  endothelial  dys- 
trophy and  intraocular  surgery  traumatic  to  the 
endothelium,    and    by    the    use   of  chronic    topical 
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medications  that  prove  toxic  to  the  corneal  endothe- 
lium. 

Although  much  has  been  learned  about  specular 
microscopy  and  its  application  over  the  last  several 
years,  physiological  correlation  is  now  clearly  nec- 
essary to  understand  the  significance  of  the  mor- 
phology and  cell  density  observed  with  the  specular 
microscope.  Investigators  do  not  know  what  many 
of  the  images  seen  by  specular  microscopy  mean  or 
how  cell  morphology  and  density  relate  to  physio- 
logical function  and  reserve. 

The  use  of  specular  microscopy  can  be  applied  to 
research  classified  elsewhere  in  this  subprogram, 
such  as  studies  of  toxic  effects  on  the  corneal 
endothelium;  in  other  Corneal  Diseases  subpro- 
grams, for  example,  toxic  epithelial  effects,  outlined 
in  Chapter  2,  "Ocular  Surface  Problems;"  and  in 
other  NEI  programs,  such  as  evaluation  of  anterior 
segment  surgical  trauma,  which  is  covered  by  the 
Cataract  program,  and  evaluation  of  drug  toxicity, 
covered  under  the  Glaucoma  program.  Beyond 
vision  research  the  proposed  correlation  of  the 
morphology  and  physiological  function  of  the  cor- 
neal endothelium  is  important  in  studying  aging, 
other  active  transport  membranes,  and  cell  biology 
in  general. 


AREA  OBJECTIVE 


To  devise  better  methods  for  in  vivo  assessment 
of  corneal  endothelial  function  and  morphology, 
and  correlate  findings  with  vital  functional  and 
histological  data. 


OVERVIEW  OF  CURRENT 
RESEARCH  SUPPORT 


In  FY  1981,  the  National  Eye  Institute  supported  2 
grants  at  a  total  cost  of  $238,000  in  which  specular 
microscopy  was  central.  The  Veterans  Administra- 
tion supported  1  grant,  and  Fight  for  Sight,  Inc. 
supported  1  as  well.  At  least  1  research  group,  for 
which  there  is  no  apparent  external  funding,  report- 
ed significant  specular  microscopy  data.  Also,  multi- 
ple grants  supported  by  the  National  Eye  Institute 
support  specular  microscopy  as  one  of  many  re- 
search techniques. 

A  strength  of  current  research  activity  in  this 
field  is  the  relatively  high  level  of  instrument 
sophistication  and  the  ability  to  record  morphologic 
changes  in  the  endothelium.  Major  weaknesses  are 
sparsity  of  correlation  of  morphology  and  physio- 
logical function,  lack  of  correlation  of  the  specular 


microscopic  image  with  histopathology,  and  ab- 
sence of  automated  image  analysis.  Surprisingly, 
direct,  rapid  computerized  counting  and  morpho- 
logical analysis  of  the  specular  microscopic  images 
have  not  yet  been  achieved. 

The  major  priorities  for  this  field  outlined  in  the 
previous  Corneal  Diseases  Panel  report  (FY  1978- 
1982)  have  been  accomplished:  a  clinically  useful 
specular  microscope  has  been  produced  and  uti- 
lized, the  limitations  of  morphologic  observations 
have  been  determined,  and  the  specular  microscope 
has  been  established  as  a  tool  for  evaluating  surgical 
and  chemical  damage  to  the  endothelium. 


RECENT 
ACCOMPLISHMENTS 

As  noted  above,  significant  accomplishments  have 
occurred  in  specular  microscopy.  A  clinical  specu- 
lar microscope  has  been  produced  and  is  being 
successfully  employed  to  evaluate  human  disease 
and  surgery. 24,25  Studies  have  shown  that  endotheli- 
al cell  density  alone  is  an  unreliable  predictor  of 
physiological  function  or  reserve.25-27  Although 
cell  density  has  been  found  to  tend  to  decrease  with 
age,25,28  variability  within  any  age  group  is  signifi- 
cant,2528 that  is,  the  age  of  a  cornea  cannot  be 
estimated  from  the  cell  density  observations  or  vice 
versa. 

An  extremely  important  finding  has  been  that  the 
degree  of  damage  to  the  endothelium  varies  with 
the  type  of  surgical  procedure  employed. 26,27-29"32 
As  a  result,  attention  has  focused  on  the  importance 
of  surgeons  treating  the  endothelium  with  care. 
These  observations  and  insights  have  led  to  greatly 
improved  surgical  techniques,  much  less  endothelial 
damage,  and  a  decrease  in  surgery-related  corneal 
blindness.  Sodium  hyaluronate  and  other  substances 
that  can  protect  the  endothelium  and  coat  intraocu- 
lar lenses  have  been  developed. 33  Another  signifi- 
cant accomplishment  has  been  the  routine  screening 
of  corneal  donor  material  with  specular  microscopy 
prior  to  corneal  transplantation.  This  practice  has 
increased  the  success  rate  of  corneal  transplantation 
by  helping  eliminate  unsuitable  donor  corneas  prior 
to  surgery. 


RESEARCH  NEEDS 
AND  OPPORTUNITIES 

The  research  needs  in  this  area  fall  under  four  major 
headings: 
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■  Correlation  of  the  morphologic  appearance  and 
cell  density  of  the  endothelium  with  in  vivo 
physiological  function. 

■  Correlation  of  what  is  seen  using  specular  mi- 
croscopy with  histopathology. 

■  Continued  evaluation  of  the  effect  of  new  surgi- 
cal techniques  and  drugs  on  the  endothelial 
population. 

■  Development  of  an  inexpensive,  easy-to-use 
specular  microscope  which  has  a  large  field  of 
view.  An  optical  scanning  device  to  enable  rapid, 
direct  computer  analysis  of  cell  counts  and 
morphology  (without  tracing  cell  boundaries) 
would  greatly  facilitate  data  gathering  and  analy- 
sis. 

To  fulfill  these  needs,  engineers  and  mathemati- 
cians are  required  for  designing  high-quality  image 
analysis  equipment.  However,  this  is  an  active 
research  area  in  other  scientific  fields,  and  eye 
researchers  will  benefit  from  these  efforts  and 
should  not  attempt  to  duplicate  them. 


RECOMMENDATIONS 


Based  on  the  foregoing  assessment  of  recent  accom- 
plishments, current  activities,  and  research  needs 
and  opportunities  in  "In  Vivo  Morphologic 
Evaluation — Specular  Microscopy,"  the  Panel  has 


made  the  following  recommendation  concerning 
research  in  this  area  over  the  next  five  years.  This 
relates  to  the  Program  Base,  an  area  of  ongoing 
research  in  which  there  may  be  great  need  for 
additional  activity,  but  where,  in  the  Panel's  judg- 
ment, little  or  no  opportunity  (new  methods  or 
insights)  exists  at  present  to  justify  significant 
expansion  of  effort.  Nonetheless,  additional  applica- 
tions for  research  grants  in  this  area  may  be  funded 
if  they  are  innovative  and  of  very  high  quality  as 
determined  by  the  NIH  peer  review  system. 

Program  Base 

■  Correlate  morphologic  appearance  with  physio- 
logic function  and  reserve. 


RESOURCE 
REQUIREMENTS 

After  reviewing  current  research  grant  support  in 
each  of  these  categories  and  assessing  the  need  and 
potential  for  future  development,  the  Panel  has 
estimated  the  number  of  projects  it  believes  are 
needed  to  carry  out  its  recommendations  in  FY 
1983.  These  estimates  are  shown  in  the  following 
table.  For  a  discussion  of  the  general  basis  and 
significance  of  these  projections,  see  the  "Sum- 
mary" at  the  beginning  of  this  report. 


RESOURCE  TABLE 

C.  IN  VIVO  MORPHOLOGIC  EVALUATION— SPECULAR  MICROSCOPY 

No.  of  Grants 
FY  1981 


Panel  Recommendation  FY  83 


Add.  Grants 


Total  Grants 


Program  Base 

A.  Correlate  morphologic  appearance  with  physiologic 
function  and  reserve. 

Subtotal  Grants 
(■%  of  Program) 

Total  Estimated  Cost 


2 
(1) 

$238,000 


1 

(2) 

$83,000 


3 
(1) 

$321,000 
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D.  ENDOTHELIAL 

AND  EPITHELIAL 

TRANSPORT 

PROCESSES 

(CORNEAL 

HYDRATION  AND 

EDEMA) 

INTRODUCTION 


barrier  against  the  ocular  penetration  of  salts,  fluid, 
microorganisms,  and  foreign  matter.  The  key  char- 
acteristic of  the  endothelium  is  its  ability  to  cause 
fluid  to  be  transported  from  the  stroma  to  the 
aqueous  humor.  In  this  way,  the  epithelium  and 
endothelium  act  in  concert  to  prevent  the  corneal 
stroma  from  swelling.  However,  as  discussed  below, 
both  epithelium  and  endothelium  actively  transport 
solute,  and  each  has  specific  barrier  properties,  all  of 
which  must  be  evaluated  before  stromal  volume 
regulation  can  be  understood. 


AREA  OBJECTIVE 


The  control  of  corneal  hydration  depends  on  a 
balance  between  dissipative  forces  (such  as  swelling 
pressure  and  passive  imbibition),  active  forces  (such 
as  intraocular  pressure),  and  active  flows  (such  as 
active  ion  transport  and  metabolic  energy).  The  role 
of  the  corneal  metabolism  in  controlling  hydration 
has  been  studied  most  extensively  in  the  amphibian 
and  rabbit,  using  advanced  biophysical,  physiologi- 
cal, pharmacological,  and  morphological  proce- 
dures. These  studies  have  dealt  with  epithelial  and 
endothelial  water  and  solute  permeability,  active  ion 
pumps,  membrane  receptors,  mechanisms  leading  to 
the  coupling  of  fluid  flows  to  ion  transport,  the  roles 
of  paracellular  pathways  in  volume  regulation,  and 
aspects  of  cell  metabolism  linked  directly  to  proc- 
esses of  volume  control.34"38  Studies  have  been 
conducted  also  in  the  important  area  of  cytotoxic 
effects  on  the  endothelium,  which  could  result  from 
topical  medications. 39 

Because  transport  processes  are  a  major  factor  in 
the  preservation  of  corneal  transparency,  a  thor- 
ough examination  of  these  processes  and  mecha- 
nisms is  necessary  to  explain  the  cause  of  corneal 
disease  and  dysfunction  that  result  in  stromal  and 
epithelial  edema,  both  major  causes  of  corneal 
blindness.  It  is  hoped  that  these  studies  will  indicate 
ways  to  modulate  corneal  permeability  and  trans- 
port and  lead  to  forms  of  therapy  for  these 
conditions  other  than  corneal  transplant  surgery. 

Almost  every  person  in  the  United  States  uses 
topical  ocular  medication  in  some  form  for  varying 
periods.  Many  frequently  used  topical  medications 
could  potentially  interfere  with  endothelial  function 
through  long-term  toxicity  to  the  cells.  The  most 
practical  way  to  ascertain  this  is  to  seek  morpholog- 
ic and  physiologic  evidence  of  the  cytotoxicity  of 
these  drugs  through  the  use  of  in  vitro  models. 

With  respect  to  stromal  hydration,  the  corneal 
epithelium  functions  principally  as  a  high-resistance 


To  define  the  normal  function  of  the  epithelium, 
endothelium,  and  connective  tissues  of  the  cornea 
and  learn  how  they  are  affected  by  injury, 
disease,  and  aging. 


OVERVIEW  OF  CURRENT 
RESEARCH  SUPPORT 

Support  for  the  study  of  corneal  transport  processes 
has  been  satisfactory.  In  FY  1981,  the  National  Eye 
Institute  supported  10  research  grants  in  this  area  at 
a  total  cost  of  $1,196,000.  Because  the  cornea  is  a 
good  model  tissue  in  which  to  study  the  physiology 
and  biophysics  of  transport  processes,  it  is  expected 
that  related  projects  may  also  be  funded  by  other 
Institutes  within  the  National  Institutes  of  Health. 
Some  projects  supported  by  the  National  Eye 
Institute  examined  ways  to  stimulate  the  endothelial 
transport  process.  Other  grants  were  aimed  at 
examining  cytotoxic  effects  on  the  corneal  endothe- 
lial barrier  and  transport  processes.  On  the  whole, 
the  level  of  support  for  fundamental  studies  in  this 
area  is  good,  although  additional  emphasis  is  needed 
in  areas  of  epithelial  and  endothelial  metabolism 
other  than  ion  transport,  that  is,  oxygen  and 
substrate  requirements,  possible  metabolic  interac- 
tions between  the  epithelium  and  endothelium, 
relationship  between  corneal  nerves  and  metabo- 
lism, role  of  the  endothelium  in  transporting  nutri- 
ents to  the  stromal  cells  and  epithelium,  and 
nutritional  requirements  of  the  endothelium  itself. 
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D.  Endothelial  and  Epithelial  Transport  Processes 
(Corneal  Hydration  and  Edema) 


RECENT 
ACCOMPLISHMENTS 


RESEARCH  NEEDS 
AND  OPPORTUNITIES 


Several  aspects  of  ion  transport  processes  across  the 
epithelium  have  been  discovered  in  National  Eye 
Institute-supported  research  programs.  The  epitheli- 
um transports  chloride  from  the  stroma  to  the 
periocular  tear  film  by  a  process  modulated  by 
intracellular  cAMP,  which,  in  turn,  is  stimulated  by 
beta-agonists.  The  first  messenger  hormones  having 
this  action  include  epinephrine,  which  has  been 
shown  to  stimulate  chloride  secretion  by  selectively 
increasing  membrane  permeability. 40  Detailed  stud- 
ies of  the  barrier  properties  of  the  epithelium  have 
indicated  that  most  of  these  lie  at  the  outermost  cell 
layer  of  the  epithelium. 41  The  corneal  barrier  is 
therefore  accessible  to  chemical  or  pharmacological 
modulation,  but  also  can  be  easily  compromised  by 
abrasions  from  foreign  bodies  and  appliances  such  as 
contact  lenses. 

It  has  been  established  that  adrenergic  receptors 
are  present  on  epithelial  membranes.  This  fact,  plus 
the  growing  evidence 42  that  the  cornea  is  dually 
innervated  by  parasympathetic  and  sympathetic 
fibers,  may  have  implications  for  research  described 
in  other  sections  of  this  chapter,  such  as  the 
modulation  of  epithelial  growth  characteristics, 
which  include  normal  rate  of  epithelial  mitosis  and 
neurotrophic  interactions. 

The  most  significant  advance  in  corneal  physiol- 
ogy has  been  the  recent  discovery  of  the  missing 
link  between  cell  metabolic  energy  and  endothelial 
fluid  transport.  This  discovery  capped  a  search 
begun  over  a  decade  ago  when  it  was  firmly 
established  that  endothelial  metabolism  played  a 
major  role  in  controlling  corneal  hydration. 14  Fol- 
lowing hints  provided  by  several  independent  stud- 


The  research  needs  in  this  area  fall  under  six  major 
headings: 

Corneal  Cell  Metabolism 

Currently,  little  or  no  information  exists  about  the 
changes  in  corneal  cell  metabolism  that  accompany 
disease.  Therefore,  additional  fundamental  research 
is  needed  in  animal  experiments  and  in  animal 
models  on  the  metabolism  of  the  corneal  cell  layers. 
This  research  should  be  broadly  based,  encompass- 
ing the  disciplines  of  biochemistry,  physiology 
(including  neurophysiology  and  biophysics),  phar- 
macology, immunology,  and  anatomy. 

Transport  Processes 

Additional  information  on  transport  processes  in 
normal  eyes  is  imperative,  including  studies  of  the 
hormonal,  neural,  and  pharmacological  modulation 
of  the  transport  processes.  Further  characterization 
of  the  transport  processes  in  nonhuman  primates 
and  humans  is  required.  In-depth  study  of  the 
endothelial  bicarbonate  pump  and  its  ability  to 
evoke  fluid  transport  is  necessary.  It  is  also  impor- 
tant to  analyze  the  relationship  to  corneal  transport 
processes  of  cytoplasmic  filaments,  intercellular  and 
connective  tissue  attachments,  and  paracellular 
pathways.  Study  of  the  fundamental  interrelation- 
ships between  epithelial  and  endothelial  cell  metabo- 
lism is  needed.  Insights  provided  by  unstirred  layer 
effects  should  be  applied  to  studying  corneal  cell 
layer  permeabilities  to  different  solutes  and  water. 


investigators    discovered 45    and    con-       Endothelium  Nutrition 


ies,  '•" 

firmed  46  the  active  transport  of  bicarbonate  ions  by 
the  endothelium.  Although  many  of  the  precise 
details  of  this  transport  system  remain  to  be  clari- 
fied, endothelial  bicarbonate  transport  has  been 
shown  to  be  secretory  in  nature  and  of  sufficient 
magnitude  to  effect  the  transport  of  fluid. 

With  this  important  link  established,  it  has  been 
possible  to  extend  theories  of  the  control  of  corneal 
hydration,4748  using  both  modern  thermodynamic 
concepts  and  advanced  numerical  methods,  to  pro- 
duce a  working  mathematical  model  that  incorpo- 
rates all  the  well-documented  transport  features  of 
corneal  epithelium,  endothelium,  and  stroma. 22 
Consequently,  the  effect  on  corneal  hydration  of 
various  experimental  manipulations  and  disease  con- 
ditions can  be  quantitatively  ascertained. 


The  role  of  the  endothelium  in  the  nutrition  of  the 
epithelium  and  keratocytes  must  be  elucidated.  In 
addition,  the  nutritional  and  substrate  requirements 
of  the  endothelium  need  clarification. 

Metabolic  Requirements  of  Endothelium 

The  metabolic  requirements  for  sustained  endotheli- 
al function  in  vitro  have  not  been  defined.  Study  of 
the  transport  characteristics  of  tissue-cultured  endo- 
thelial monolayers  may  provide  insights  into  normal 
and  abnormal  functions. 

Enhancement  of  Membrane  Transport 

A  search  for  substances  to  enhance  membrane 
transport  functions  should  be  implemented. 


83 


Vision  Research— A  National  Plan:  1983-1987 


Report  of  the  Corneal  Diseases  Panel 


Adverse  Effects  on  Corneal  Cell  Metabolism 

The  deleterious  effects  of  surgery,  diseases,  and 
medications  on  corneal  cell  metabolic  processes 
must  be  studied  in  detail.  Animal  models  to  evaluate 
these  effects  should  be  developed.  The  adverse 
effects  of  ophthalmic  medications  and  preservatives 
on  human  corneal  endothelium  should  be  deter- 
mined in  vitro  and  in  vivo. 


RECOMMENDATIONS 

Based  on  the  foregoing  assessment  of  recent  accom- 
plishments, current  activities,  and  research  needs 
and  opportunities  in  "Endothelial  and  Epithelial 
Transport  Processes  (Corneal  Hydration  and 
Edema),"  the  Panel  has  made  the  following  recom- 
mendations concerning  research  in  this  area  over 
the  next  five  years.  These  have  been  grouped  under 
two  headings:  Program  Base  and  Program  Develop- 
ment Priorities. 

The  Program  Base  is  an  area  of  ongoing  research 
in  which  there  may  be  great  need  for  additional 
activity,  but  where,  in  the  Panel's  judgment,  little  or 
no  opportunity  (new  methods  or  insights)  exists  at 
present  to  justify  a  significant  expansion  of  effort. 
Nonetheless,  additional  applications  for  research 
grants  in  this  area  may  be  funded  if  they  are 
innovative  and  of  very  high  quality  as  determined 
by  the  NIH  peer  review  system. 

Program  Development  Priorities  include  areas  of 
ongoing  research  in  which  new  knowledge  and 
techniques  offer  particular  opportunities  for  scientif- 
ic progress,  or  promising  new  areas  of  research  in 
which  there  is  little  or  no  support  at  present  but 
where  there  is  both  great  need  and  high  potential 
for  success.  Such  areas  are  judged  to  warrant 
significantly  increased  support  over  the  next  five 
years,  provided  that  high  quality  applications  for 
research    grants    in    these    areas    are    forthcoming. 

Program  Base 

■  Evaluate  neural  and  hormonal  factors  that  influ- 
ence the  metabolic  function  of  epithelial  and 
endothelial  layers. 

Program  Development  Priorities 

■  Compare  the  membrane  metabolic  function  of 
normal  and  diseased  corneas  from  animal  models 
and  man. 

■  Determine  the  nutritional  needs  of  the  corneal 
endothelium  and  endothelial  influences  on  stro- 
mal and  epithelial  metabolism. 


RESOURCE 
REQUIREMENTS 

After  reviewing  current  research  grant  support  in 
each  of  these  categories  and  assessing  the  need  and 
potential  for  future  development,  the  Panel  has 
estimated  the  number  of  projects  it  believes  are 
needed  to  carry  out  its  recommendations  in  FY 
1983.  These  estimates  are  shown  in  the  table  on  the 
following  page.  For  a  discussion  of  the  general  basis 
and  significance  of  these  projections,  see  the  "Sum- 
mary" at  the  beginning  of  this  report. 


E.  STROMAL 
SWELLING  AND 
TRANSPARENCY 

INTRODUCTION 


The  stroma  forms  the  bulk  of  the  cornea.  Among 
the  connective  tissues  in  the  body,  it  has  unique 
structural  and  biochemical  attributes  that  render  it 
transparent  while  it  retains  the  mechanical  proper- 
ties necessary  to  ensure  the  integrity  of  the  eyeball. 
The  collagenous  fibrous  elements  in  the  corneal 
stroma  run  parallel  to  the  corneal  surface  without 
apparent  interruption  or  splitting  from  limbus  to 
limbus.  They  form  distinct  layers  or  lamellae  within 
which  all  the  fibers  are  spaced  equidistantly  and 
parallel  to  one  another.  The  areas  around  these 
fibers  contain  a  ground  substance  rich  in  glycosami- 
noglycans  and  are  thus  hydrophilic. 

While  the  small  constant  diameter  and  regular 
spacing  of  the  collagen  are  essential  to  sustained 
transparency, 49  they  also  produce  a  meshwork 
within  which  there  are  minimal  structural  restric- 
tions to  prevent  expansion  or  swelling  between  the 
anterior  and  posterior  surfaces.  Hence,  the  corneal 
stroma,  unprotected  by  limiting  cell  layers,  can 
imbibe  fluid  until  it  is  several  times  thicker  than 
normal  and  becomes  opaque.  At  the  cost  of  slightly 
reduced  acuity,  the  corneal  stromas  of  sharks,  rays, 
and  skates  have  adapted  special  suturing  fibers, 
which  run  perpendicular  to  the  surface  and  me- 
chanically restrict  swelling.  All  true  vertebrates, 
however,  appear  to  depend  solely  on  the  metabolic 
activities  of  their  epithelium  and  endothelium  to 
prevent  stromal  edema. 
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RESOURCE  TABLE 

D.  ENDOTHELIAL  AND  EPITHELIAL  TRANSPORT  PROCESSES 
(CORNEAL  HYDRATION  AND  EDEMA) 

No.  of  Grants 
FY  1981 


Panel  Recommendation  FY  83 


Add.  Grants 


Total  Grants 


Program  Base 

A.  Evaluate  neural  and  hormonal  factors  that  influence 
the  metabolic  function  of  epithelial  and  endothelial 
layers. 

Program  Development  Priorities 

A.  Compare  the  membrane  metabolic  function  of  normal 
and  diseased  corneas  from  animals  and  man. 

B.  Determine  the  nutritional  needs  of  the  corneal 
endothelium  and  endothelial  influences  on  stromal  and 
epinelial  metabolism. 

Subtotal  Grants 

(%  of  Program) 

Total  Estimated  Cost 


10 

(6) 

$1,196,000 


3 
(6) 

$195,000 


11 


13 

(7) 

$1,391,000 


To  understand  how  corneal  metabolism  regulates 
stromal  hydration  in  health  and  disease,  it  is 
necessary  to  characterize  the  mechanical,  physio- 
chemical,  rheological,  and  anatomical  properties  of 
the  stroma.  The  ways  in  which  the  stromal  proper- 
ties of  hydration,  force  associated  with  swelling,  and 
flow  conductivity  change  as  the  tissue  thickens  or 
thins,  have  been  measured  in  a  variety  of  higher 
vertebrates.50"52  Although  these  features  now  are 
understood  fairly  well  for  normal  tissue  and  can  be 
used  to  explain  the  dynamics  of  stromal  edema,  the 
same  properties  of  stroma  altered  by  disease  have 
not  been  examined. 

To  devise  better  procedures  and  therapies  to 
minimize  stromal  edema  and  associated  opacity, 
investigators  need  a  better  understanding  of  how 
disease  alters  the  structure  and  composition  of  this 
tissue.  Animal  models  are  required  to  separate 
epithelial  sources  of  light  scattering  from  those  of 
stromal  origin.  The  special  properties  of  Descemet's 
membrane  need  to  be  identified  and  the  causes  and 
effects  of  disease  examined.  It  is  important  to 
understand  how  increased  limbal  vascular  perme- 
ability relates  to  changes  in  stromal  hydration  and 
transparency.  The  cornea  and  the  lens,  although 
different  structurally,  have  the  same  physical  requi- 
sites for  transparency  and  depend  on  cell  metabo- 
lism for  normal  function.  More  attention  should  be 
directed  to  comparing  the  similarities  between  these 
two  transparent  structures.  Because  of  the  cornea's 
simple  geometry,  location,  and  lack  of  vasculature 
and  muscle  tissue,  it  can  serve  as  excellent  model 


tissue  in  which  to  study  the  general  problem  of 
edema  control  elsewhere  in  the  body. 

The  importance  of  a  fuller  understanding  of 
stromal  hydration  has  been  discussed  in  the  preced- 
ing sections  in  this  chapter  on  "In  Vivo  Evaluation 
of  Corneal  Epithelial  and  Endothelial  Membrane 
Function"  and  "Endothelial  and  Epithelial  Trans- 
port Processes  (Corneal  Hydration  and  Edema)." 

The  theoretical  basis  of  transparency  is  under- 
stood.49,53  It  is  believed  that  the  stroma  is  transpar- 
ent because  microscopic  refractive  index  variations 
within  it  occur  over  distances  that  are  small 
compared  to  the  band  of  wavelengths  contained  in 
the  visible  spectrum.  Areas  of  disorganization,  as  in 
scar  formation,  set  up  scattering  sites,  which  com- 
promise the  lens  properties  of  the  tissue.  Investiga- 
tors need  to  learn  more  precisely  how  the  image  is 
altered  by  such  changes. 

It  is  also  generally  believed  that,  relative  to  its 
hydration,  the  stroma  behaves  passively,  depending 
solely  on  the  transport  properties  of  the  corneal 
epithelium  and  endothelium  for  volume  control. 
Opponents  of  this  view  have  suggested  that  stromal 
swelling  may  be  mechanically  restricted  by  interac- 
tions between  the  macromolecular  components  of 
the  ground  substance  and  the  collagen  fibers. 
However,  the  collective  experimental  evidence 
argues  strongly  against  this  possibility. 

Stromal  flow  characteristics  have  been  carefully 
determined.  52  Studies  have  shown  that  the  rate  of 
flow  can  be  predicted  from  the  local  gradient  in 
pressure  and  the  local  hydration.  The  resistance  to 
flow  was  shown  to  increase  markedly  as  the  stroma 
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dehydrated,  a  factor  that  may  contribute  to  the  loss 
of  surface  smoothness  in  dry  eye  patients. 

A  full  understanding  of  stromal  hydration  and 
transparency  is  necessary  for  many  aspects  of 
research  on  corneal  diseases.  Stromal  hydration  in 
association  with  endothelial  dystrophies  is  the  major 
indicator  of  endothelial  decompensation  or  dysfunc- 
tion. As  mentioned,  the  application  of  some  findings 
from  research  in  this  area  to  other  tissues,  such  as 
the  lens  and  connective  tissues  elsewhere  in  the 
body,  may  aid  in  understanding  edema  and  aging 
generally. 


confirmed  by  small-angle  light-scattering  studies, 
clearing  the  way  for  better  interpretations  of  de- 
polarizing light-scatter  patterns  from  swollen 
tissue. 55 

A  model  for  the  control  of  corneal  hydration  has 
been  developed,  incorporating  the  flow  properties 
of  normal  stroma  and  the  transport  properties  of  the 
corneal  epithelium  and  endothelium.  —  The  dynam- 
ics of  changes  in  stromal  thickness  in  various 
situations  can  now  be  predicted  with  reasonable 
success,  providing  a  quantitative  basis  for  the  theory 
of  hydration  control. 


AREA  OBJECTIVE 


To  understand  the  swelling  properties  of  the 
corneal  stroma  and  the  factors  governing  corneal 
transparency. 


OVERVIEW  OF  CURRENT 
RESEARCH  SUPPORT 

In  FY  1981,  the  National  Eye  Institute  supported 
seven  grants  for  studies  of  corneal  stromal  swelling 
and  transparency  at  a  total  cost  of  $570,000.  One 
project  was  concerned  with  characterizing  stromal 
glycosaminoglycans  with  special  attention  to  their 
hydration  properties.  In  another,  high-energy  parti- 
cle scattering  was  used  to  determine  structural 
relationships  in  hydrated  stroma.  Still  another  NEI- 
supported  investigator  applied  theoretical  physical 
models  and  techniques  to  examining  the  basic 
principles  of  light  scatter  in  stroma.  Significant  gaps 
in  funding  exist  in  studies  of  changes  in  stromal 
properties  that  occur  during  development  or  with 
aging  and  disease,  physics  of  light  scatter  caused  by 
scarring  and  disease,  and  mechanical  properties  of 
the  stroma  and  their  alteration  by  surgery  and 
disease. 


RECENT 
ACCOMPLISHMENTS 


It  has  been  found  that  striations  of  light  scatter, 
corresponding  to  periodic  waves  in  the  posterior 
lamellae  of  normal  corneas,  as  viewed  in  the 
electron  microscope,  are  artifacts  of  fixation.  They 
disappear  when  corneas  are  fixed  while  stretched  by 
normal  intraocular  pressure. 54  This  result  has  been 


RESEARCH  NEEDS 
AND  OPPORTUNITIES 

The  research  needs  in  this  area  fall  under  five  major 
headings: 

■  Additional  studies  are  needed  to  elucidate  the 
changes  in  stromal  properties  resulting  from 
dystrophies,  other  diseases,  and  aging. 

■  Studies  are  needed  to  determine  the  mechanical 
properties  of  Bowman's  layer,  stroma,  and  Des- 
cemet's  membrane  in  mammals,  including  pri- 
mates, as  they  relate  to  wound  healing  and 
corneal  topography.  This  facet  relates  to  research 
needs  covered  in  Chapter  3,  "Refractive  Prob- 
lems and  Contacts  Lenses"  and  Chapter  5, 
"Corneal  Transplantation  and  Stromal  Wound 
Healing." 

■  The  physical  basis  for  transparency  and  its 
alteration  in  specific  disease  processes  requires 
further  investigation.  Physical  descriptions  that 
include  the  contribution  of  normal  heterogene- 
ities, for  example,  keratocytes  and  lamellar  orga- 
nization, and  abnormal  heterogeneities,  for  exam- 
ple, scarring,  edema,  bullae,  and  lamellar  distor- 
tions, should  be  advanced.  There  is  a  pressing 
need  for  clinical  research  tools  designed  to  assess 
quantitatively  degradations  in  stromal  lens  quali- 
ties, including  surface  irregularities  and  intrastro- 
mal  scattering. 

■  The  distribution  and  interactions  of  glycosamino- 
glycans and  collagen  need  further  study.  In 
particular,  the  way  in  which  these  substances 
interact  and  affect  hydration  needs  elucidation. 

■  The  effect  of  increased  perilimbal  vascular  per- 
meability on  stromal  hydration  must  be  studied. 

For  such  investigations,  collaborative  efforts 
among  ophthalmologists,  biochemists,  physiologists, 
and  physicists  are  required. 
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RECOMMENDATIONS 


Based  on  the  foregoing  assessment  of  recent  accom- 
plishments, current  activities,  and  research  needs 
and  opportunities  in  "Stromal  Swelling  and  Trans- 
parency," the  Panel  has  made  the  following  recom- 
mendations concerning  research  in  this  area  over 
the  next  five  years.  These  all  relate  to  the  Program 
Base  which  includes  areas  of  ongoing  research 
where  the  current  level  of  activity  is  considered 
adequate,  or  areas  of  ongoing  research  in  which 
there  may  be  great  need  for  additional  activity,  but 
where,  in  the  Panel's  judgment,  little  or  no  opportu- 
nity (new  methods  or  insights)  exists  at  present  to 
justify  significant  expansion  of  effort.  Nonetheless, 
additional  applications  for  research  grants  in  these 
areas  may  be  funded  if  they  are  innovative  and  of 
very  high  quality  as  determined  by  the  NIH  peer 
review  system. 


Study  light  transmissibility  of  the  stroma  and 
develop  techniques  to  measure  changes  occurring 
with  disease  and  increased  hydration. 


RESOURCE 
REQUIREMENTS 

After  reviewing  current  research  grant  support  in 
each  of  these  categories  and  assessing  the  need  and 
potential  for  future  development,  the  Panel  has 
estimated  the  number  of  projects  it  believes  are 
needed  to  carry  out  its  recommendations  in  FY 
1983.  These  estimates  are  shown  in  the  following 
table.  For  a  discussion  of  the  general  basis  and 
significance  of  these  projections,  see  the  "Sum- 
mary" at  the  beginning  of  this  report. 


Program  Base 

■  Evaluate  stromal  biochemical  changes  occurring 
with  disease  and  aging. 


RESOURCE  TABLE 

E.  STROMAL  SWELLING  AND  TRANSPARENCY 


No.  of  Grants 

Panel  Recommendation  FY  83 

FY  1981 

Add.  Grants 

Total  Grants 

3 

0 

3 

4 

1 

5 

7 

1 

8 

(4) 

(1) 

(4) 

Program  Base 

A.  Evaluate  stromal  biochemical  changes  with  disease  and 
aging. 

B.  Study  light  transmissibility  of  stroma  and  develop 
techniques  to  measure  changes  with  disease  and  in- 
creased hydration. 

Subtotal  Grants 
(%  of  Program) 

Total  Estimated  Cost 


$570,000 


$286,000 


$856,000 
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Report  of  the  Corneal  Diseases  Panel 


F.  NORMAL 

CORNEAL 

DEVELOPMENT 

INTRODUCTION 


The  mammalian  cornea  is  thought  to  result  from 
complex  cell-cell,  cell-matrix,  and  cell-humoral  in- 
teractions. Much  has  been  learned  about  such 
interactions  from  studies  of  model  systems,  chiefly 
the  chick  cornea,  the  results  of  which  have  been 
reviewed  recently. 56  In  the  chick,  discrete  cell 
populations  and  the  ready  availability  of  experimen- 
tal material  make  possible  the  analytical  dissection 
of  important  cellular  and  biochemical  developmen- 
tal events.  Embryological  studies  have  shown  that 
the  cornea  develops  subsequent  to  the  interaction 
between  the  optic  vesicle  and  the  overlying  ecto- 
derm. The  ectoderm  (corneal  epithelium)  synthe- 
sizes and  deposits  an  extracellular  matrix.  This 
structure  eventually  serves  as  a  scaffolding  to 
support  the  inward  migration  of  neural  crest  cells, 
which  differentiate  into  corneal  keratocytes  (stro- 
macytes)  and  endothelial  cells.57,58  In  turn,  these 
cells  synthesize  and  deposit,  in  a  highly  ordered 
fashion,  the  macromolecules  of  the  corneal  stroma 
and  Descemet's  layer.  Thus,  the  normal  develop- 
ment of  the  cornea  requires  the  appropriate  spatial 
and  temporal  integration  of  cells  and  cell  products. 

Developmental  and  dystrophic  disorders  of  the 
human  cornea,  in  which  normal  processes  have 
gone  awry,  cause  significant  discomfort,  inconven- 
ience, visual  loss,  and  blindness  in  affected  individ- 
uals. The  study  of  simpler,  developing  systems 
provides  insights  into  the  nature  of  the  complex 
processes  that  control  growth  and  morphogenesis  of 
the  human  cornea  and  the  mechanisms  by  which 
such  processes  may  be  disturbed  to  produce  abnor- 
mal corneas.  In  a  broader  context,  the  studies  of 
control  mechanisms  of  corneal  development  address 
a  major  biological  question:  How  are  interactions 
among  cells  and  matrix  materials  regulated  to 
provide  normal  morphogenesis  and  cell  differentia- 
tion? 

Increased  knowledge  of  the  mechanisms  of  corne- 
al development  thus  would  be  an  important  contri- 
bution to  solving  problems  as  diverse  as  corneal 
wound  healing;  culture  and  transplantation  of  ex- 
ogenous corneal  cells  and  tissue;  and  tumor  cell 
metastasis,  invasion,  and  growth.  Because  of  its 
relevance  to  these  topics,  the  study  of  corneal 
development  is  an  integral  part  of  a  broad  spectrum 
of  fundamental  biomedical  research. 


Classical  embryological  experiments  in  nonhuman 
species  have  charted  a  number  of  important  tissue- 
tissue  developmental  interactions.  The  influence  of 
the  extracellular  matrix  as  a  substratum  for  cell 
migration,  differentiation,  and  stabilization  has  been 
emphasized;5960  however,  little  is  known  of  the 
exact  nature  of  these  influences,  and  less  about  their 
molecular  basis.  With  the  use  of  up-to-date  micro- 
techniques, it  should  be  possible  to  begin  to  under- 
stand the  sequential  regulation  of  gene  products, 
which  is  so  integral  to  orderly  development.  Simi- 
larly, such  information  might  lead  to  the  control  of 
wound  healing  and  the  promotion  and  stabilization 
of  the  differentiation  of  transplanted  cells.  In  vitro 
culture  systems  for  the  three  primary  layers  of 
corneal  cells  have  been  improving  steadily  during 
the  last  decade;61-62  however,  investigators  do  not 
know  how  to  cultivate  and  maintain  large  numbers 
of  human  corneal  cells  for  experimentation  or 
transplantation.  Strides  in  cultivation  of  highly 
differentiated  mammalian  cells,  such  as  those  of 
renal  epithelium  63  and  skin  epithelium,  64  have  indi- 
cated that  advances  can  be  achieved  in  human 
corneal  cell  culture.  Since  it  is  widely  known  that 
embryonic  or  fetal  cells  adapt  better  to  in  vitro 
conditions,  improved  understanding  of  the  control 
and  maintenance  of  the  differentiated  state  may  be 
gained  by  using  cells  from  developing  tissue. 

Research  on  normal  corneal  development  relates 
to  other  research  areas  in  ways  similar  to  those 
outlined  in  the  following  section  on  "Corneal 
Dystrophies,  Inherited  Disorders,  and  Developmen- 
tal Anomalies."  Moreover,  corneal  tissue  and  cells, 
as  well  as  conjunctival  tissue  and  cells,  provide 
readily  accessible  subjects  for  the  study  of  improved 
culture  techniques,  effects  of  mitogens  and  growth 
factors,  and  trophic  influences.  This  knowledge  is 
important  in  many  fields  of  vision  research  and  to 
biological  and  biomedical  science  generally. 


AREA  OBJECTIVE 


To  study  normal  corneal  development  and  apply 
the  findings  to  increasing  understanding  of  relat- 
ed disease  states. 


OVERVIEW  OF  CURRENT 
RESEARCH  SUPPORT 


In  FY  1981,  the  National  Eye  Institute  supported  2 
grants  on  normal  corneal  development  at  a  total 
cost  of  $181,000.  The  National  Institute  on  Aging 
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supported  1  project  on  the  development  and  aging 
of  corneal  stromal  proteoglycans.  Other  projects 
supported  by  the  National  Institute  of  Child  Health 
and  Human  Development,  the  National  Heart, 
Lung,  and  Blood  Institute,  and  the  Veterans  Admin- 
istration were  directly  or  indirectly  concerned  with 
corneal  development  or  tissue  differentiation. 

The  differentiation  and  maintenance  of  the  ocular 
surface  have  received  inadequate  attention.  New 
knowledge  of  epithelial  cell  biology  and  recent 
advances  in  basement  membrane-extracellular 
matrix  biochemistry  make  investigations  of  these 
areas  possible  in  ways  not  available  before. 

Recently  supported  projects  were  aimed  at  eluci- 
dating developmental  patterns  of  molecular  biosyn- 
thesis and  changes  in  corneal  composition  with 
development  and/or  aging.  Stronger  emphasis 
should  be  placed  on  identifying  the  basis  of  control- 
ling developmental  patterns  and  the  biosynthesis  of 
developmentally  important  molecules. 


RECENT 
ACCOMPLISHMENTS 

Research  throughout  the  last  decade  has  spotlighted 
the  importance  of  extracellular  matrix-basement 
membranes  in  corneal  morphogenesis  and  differenti- 
ation.56, 60, 65  This  work  has  indicated  one  avenue  of 
attack  on  the  broad  problem  of  the  molecular  basis 
of  control  and  maintenance  of  differentiation.  The 
ability  to  establish  corneal  cells  in  culture  for  use  as 
experimental  material  has  produced  great  advances 
in  recent  years. 5'61-62-64-66  This  makes  possible 
investigations  in  development,  differentiation,  trans- 
plantation, vasculogenesis,  and  other  processes. 


RESEARCH  NEEDS 
AND  OPPORTUNITIES 

Research  needs  in  this  area  fall  under  three  major 
headings: 

■  Knowledge  must  be  gained  about  control  mecha- 
nisms for  corneal  cell  differentiation,  corneal 
morphogenesis,  and  maintenance  of  the  differen- 
tiated state.  These  observations  need  to  be  related 
to  corneal  dystrophies,  developmental  anomalies, 
wound  healing,  breakdown  of  the  ocular  surface, 
and  in  vitro  materials  for  transplantation. 

■  Understanding  should  be  sought  of  the  develop- 
ment and  control  of  corneal  shape  as  it  relates  to 
eye  shape  and  the  presence  of  refractive  errors 
such  as  myopia  and  high  hyperopia. 


■  Techniques  should  be  improved  for  corneal  cell 
culture.  These  methods  can  lead  to  the  produc- 
tion of  suitable  materials  for  transplantation  and 
provide  cells  and  their  products  for  studying 
corneal  matrix  macromolecules. 

For  such  studies  a  cooperative  effort  among 
ophthalmologists,  embryologists.  cell  biologists, 
physiologists,  biochemists,  and  physicists  is  re- 
quired. 


RECOMMENDATIONS 

Based  on  the  foregoing  assessment  of  recent  accom- 
plishments, current  activities,  and  research  needs 
and  opportunities  in  "Normal  Corneal  Develop- 
ment," the  Panel  has  made  the  following  recom- 
mendation concerning  research  in  this  area  over  the 
next  five  years.  This  relates  to  the  Program  Base 
which  includes  areas  of  ongoing  research  (biochem- 
istry of  collagen  and  corneal  morphogenesis)  where 
the  current  level  of  activity  is  considered  adequate 
and  an  area  of  ongoing  research  (biochemistry  of 
other  macromolecules)  in  which  there  may  be  great 
need  for  additional  activity,  but  where,  in  the 
Panel's  judgment,  little  or  no  opportunity  (new 
methods  or  insights)  exists  at  present  to  justify 
significant  expansion  of  effort.  Nonetheless,  addi- 
tional applications  for  research  grants  in  these  areas 
may  be  funded  if  they  are  innovative  and  of  very 
high  quality  as  determined  by  the  NIH  peer  review 
system. 

Program  Base 

■  Analyze  the  effect  of  cellular  differentiation  on 
corneal  morphogenesis  and  biochemical  composi- 
tion. 


RESOURCE 
REQUIREMENTS 

After  reviewing  current  research  grant  support  in 
each  of  these  categories  and  assessing  the  need  and 
potential  for  future  development,  the  Panel  has 
estimated  the  number  of  projects  it  believes  are 
needed  to  carry  out  its  recommendations  in  FY 
1983.  These  estimates  are  shown  in  the  following 
table.  For  a  discussion  of  the  general  basis  and 
significance  of  these  projections,  see  the  "Sum- 
mary" at  the  beginning  of  this  report. 
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No.  of  Grants 
FY  1981 

Panel  Recommendation  FY  83 

Add.  Grants 

Total  Grants 

Program  Base 

A.  Analyze  effect  of  cellular  differentiation  on  corneal 
morphogenesis  and  biochemical  composition. 

2 

0 

2 

Subtotal  Grants 
(%  of  Program) 

2 
(1) 

0 

(0) 

2 
(1) 

Total  Estimated  Cost 


$181,000 


$33,000 


$214,000 


G.  CORNEAL 

DYSTROPHIES, 

INHERITED 

DISORDERS,  AND 

DEVELOPMENTAL 

ANOMALIES 

INTRODUCTION 


The  corneal  dystrophies  are  a  heterogeneous  group 
of  relatively  uncommon  disorders,  usually  inherited. 
They  may  begin  early  in  life  or  become  manifest 
during  aging.  The  most  common  clinically  signifi- 
cant corneal  dystrophy  in  the  United  States  is 
Fuchs'  dystrophy,  which  frequently  causes  visual 
impairment  severe  enough  to  require  corneal  trans- 
plantation (keratoplasty)  to  improve  vision.  Al- 
though the  corneal  endothelium  is  seriously  affected 
in  this  disease,  the  basic  defect  remains  unknown. 
The  exact  causes  of  developmental  and  other 
dystrophic  disorders  of  the  cornea  are  not  well 
understood.  Some  are  thought  to  result  in  part  from 
abnormalities  in  corneal  fibroblast  (keratocyte)  func- 
tion. Corneal  fibroblasts  synthesize  and  degrade 
matrix  materials  during  corneal  morphogenesis, 56 
and  proper  metabolism  of  such  materials  is  essential 
for  maintaining  corneal  transparency  throughout 
life.  Moreover,  corneal  fibroblasts  are  directly  in- 
volved in  the  synthetic  and  degradative  aspects  of 
wound  healing  after  many  injuries  to  the  cornea.  An 
understanding  of  normal  keratocyte  metabolism  is 
essential  to  defining  abnormal  conditions  in  corneal 
disorders  and  dystrophies,  particularly  in  disorders 
that  recur  in  grafts  after  penetrating  keratoplasty. 


A  significant  number  of  corneal  disorders  are 
caused  by  genetic  (for  example,  macular  corneal 
dystrophy,  lattice  corneal  dystrophy,  and  granular 
corneal  dystrophy)  or  environmental  influences  (for 
example,  infections  and  alkali  burns  of  the  cornea). 
In  some  corneal  developmental  anomalies  and  con- 
genital dystrophies,  affected  individuals  are  blind 
from  birth,  with  tragic  consequences  for  themselves 
and  their  families.  More  frequently,  hardship  is 
caused  by  partial  visual  disablement  and  the  need 
for  continuing  medical  care.  For  such  conditions, 
pedigree  data  is  useful  in  genetic  counseling,  estab- 
lishing diagnosis  of  early  or  atypical  cases  of  corneal 
dystrophy,  and  detecting  areas  of  high  incidence. 

Keratoconus  is  a  relatively  prevalent  corneal 
disorder  that  occurs  at  an  early  age  and  causes 
bilateral,  lifelong  disability.  Keratoconus  is  a  chron- 
ic, progressive  deformity  often  centrally  located  in 
the  cornea,  characterized  by  corneal  thinning  and 
protrusion  and  morphologic  changes,  such  as  thin- 
ning of  the  corneal  stroma,  breaks  in  Bowman's 
layer,  breaks  in  Descemet's  membrane,  and  corneal 
scars,  which  occur  in  the  later  stages.  The  reason 
for  the  corneal  ectasia  (distension),  which  usually 
becomes  evident  during  adolescence,  remains  ob- 
scure. The  cone  varies  in  degree  from  a  mild  form, 
in  which  visual  acuity  can  be  restored  with  specta- 
cles, to  a  more  advanced  form,  correctable  by 
contact  lenses.  Patients  whose  condition  progresses 
beyond  this  stage  require  corneal  transplantation  for 
visual  correction;  indeed,  keratoconus  is  one  of  the 
more  common  indications  for  corneal  transplanta- 
tion in  the  United  States. 

The  prevalence  of  the  inherited  corneal  dystro- 
phies appears  to  vary  geographically  and  depend 
upon  the  frequency  of  the  specific  mutant  gene  in  a 
given  population.  In  the  United  States,  this  frequen- 
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cy  has  been  adequately  determined  only  for  macular 
corneal  dystrophy.  The  corneal  dystrophies  are 
expected  to  become  more  common  as  the  nation's 
older  population  expands.  Although  corneal  trans- 
plantation is  capable  of  restoring  long-term  useful 
vision  in  patients  with  corneal  dystrophies,  many,  if 
not  all,  dystrophies  can  recur  in  the  grafts. 

Despite  the  relative  infrequency  of  inherited 
corneal  diseases,  their  study  can  lead  to  a  better 
understanding  of  other  corneal  disorders.  For  exam- 
ple, determining  the  bases  of  abnormal  keratocyte 
function  in  these  diseases  will  contribute  to  under- 
standing of  the  biochemical  bases  of  corneal  ulcer- 
ation and  scarring  after  diverse  infections  and 
trauma  to  the  cornea.  The  study  of  corneal  dystro- 
phies and  inherited  disorders,  and  of  keratocyte 
metabolism,  may  also  contribute  important  informa- 
tion about  modulators  and  stimulators  of  wound 
healing  in  general  and  the  biochemistry  of  scarring 
and  aging.  Such  information  may  also  be  relevant  to 
systemic  connective  tissue  disorders;  conversely, 
studies  of  connective  tissues  in  other  parts  of  the 
body  are  relevant  to  the  cornea. 


AREA  OBJECTIVE 


To  investigate  the  pathogenesis  of,  and  find  more 
effective  methods  for  treating,  corneal  develop- 
mental anomalies,  corneal  dystrophies,  and  other 
inherited  abnormalities  of  the  cornea  by  deter- 
mining the  cellular  and  biochemical  bases  of  the 
disorders. 


activators,  and  the  mechanism(s)  by  which  ascor- 
bate  prevents  corneal  ulcerations  after  alkali  burns. 
Additional  grants  supported  genetic  studies  on 
familial  corneal  diseases  and  on  Fuchs'  dystrophy. 
Considerable  research  was  devoted  to  understand- 
ing the  abnormal  membrane  functions  of  the  corneal 
endothelium  in  Fuchs'  dystrophy. 

A  National  Eye  Institute  intramural  project  dealt 
with  the  histopathology  and  in  vitro  characteristics 
of  human  corneal  dystrophies  and  degenerations.  A 
major  emphasis  of  this  research  has  been  on  the  use 
of  cell  and  organ  cultures  to  characterize  the  types 
and  ratios  of  matrix  materials  (glycosaminoglycans, 
proteoglycans,  structural  glycoproteins,  and  colla- 
gen) synthesized  by  fibroblasts  from  affected  cor- 
neas in  comparison  with  macromolecules  synthe- 
sized by  fibroblasts  from  nonaffected  corneas. 

The  National  Eye  Institute  funds  a  well-balanced 
research  program  in  keratocyte  metabolism.  Embry- 
ologists,  pathologists,  cell  biologists,  and  biochem- 
ists have  provided  different,  complementary  con- 
ceptual and  methodological  approaches  to  the  study 
of  keratocytes  in  normal  and  dystrophic  corneas. 
Cooperation  between  clinicians  and  basic  scientists 
working  on  the  corneal  dystrophies  is  a  major 
strength  of  ongoing  investigations.  However,  sever- 
al gaps  exists  in  the  support  of  research  in  this  area. 
These  are  discussed  under  Research  Needs  and 
Opportunities. 


RECENT 
ACCOMPLISHMENTS 


OVERVIEW  OF  CURRENT 
RESEARCH  SUPPORT 


In  FY  1981,  the  National  Eye  Institute  supported  4 
grants,  at  a  total  cost  of  $485,000,  for  research  on 
several  aspects  of  corneal  dystrophies  and  corneal 
fibroblast  (keratocyte)  metabolism.  Research  direct- 
ed primarily  to  other  aspects  of  corneal  diseases  is 
also  relevant  to  this  group  of  diseases.  Thus,  NEI 
grantees  also  conducted  research  on  the  responses 
of  corneal  fibroblasts  to  growth  factors,  such  as 
fibroblast  growth  factors  (FGF)  and  mesodermal 
growth  factor  (MGF).  Other  research  was  focused 
on  various  aspects  of  keratocyte  function  such  as: 
the  differentiation  of  keratocytes  from  neural  crest 
cells,  the  mechanisms  involved  in  the  synthesis  and 
organization  of  stromal  matrix  materials,  identifica- 
tion of  matrix  components  in  the  developing  and 
adult  corneal  stroma,  cell  and  humoral  interactions 
that  result  in  the  secretion  of  collagenase  and  its 


The  abnormalities  of  tissues  involved  in  many 
corneal  dystrophies  have  been  characterized  by 
light  and  electron  microscopy  and  by  histochemical 
and  biochemical  methods.  Nevertheless,  many  rec- 
ognized corneal  diseases  have  never  been  studied 
using  the  more  refined  techniques  of  modern  molec- 
ular pathology.  Biochemical  studies  of  some  corneal 
dystrophies,67-68  such  as  macular  corneal  dystrophy 
have  opened  new  lines  of  investigation  of  these 
diseases. 

A  variety  of  morphologic  and  biochemical  abnor- 
malities have  been  detected  in  corneas  with  kerato- 
conus, 69-70  but  these  observations  have  not  been 
consistent,  and  there  is  no  general  agreement  con- 
cerning their  significance.  Moreover,  some  abnor- 
malities have  not  been  confirmed  by  independent 
investigators.  Part  of  the  confusion  stems  from  the 
fact  that  keratoconus  has  been  linked  to  several 
different  diseases  including  atopic  dermatitis  and 
Down's  syndrome,  and  could  have  a  genetic  com- 
ponent. Characterization  of  keratoconus  has  been 
difficult  because  corneal  tissues  have  been  obtained 
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from  patients  of  different  ages  and  with  different 
stages  of  the  disease,  often  with  associated  compli- 
cations, such  as  corneal  scarring  or  edema. 

Now,  under  appropriate  conditions,  it  is  possible 
to  grow  corneal  epithelium, 66  corneal  fibroblasts 
(keratocytes)71-72  and  corneal  endothelium  from 
normal  and  dystrophic  cells  in  culture  and  maintain 
these  cells  for  many  generations.  Also,  cultured 
corneal  cells  can  be  stored  indefinitely  by  cryopres- 
ervation.  This  is  particularly  important  because 
established  cell  lines  can  be  stored  for  future 
research  and  will  be  available  for  study  as  new 
methods  of  investigation  become  available;  also 
frozen  cells  may  be  shipped  safely  to  distant 
laboratories.  Several  investigators  have  employed 
tissue  culture  methods  to  study  keratoconus62-71  and 
some  other  genetically  determined  corneal  dystro- 
phies.67'68-73-75  Modern  histochemical  techniques 
have  been  applied  by  others. 76 

In  some  instances  organ  culture  is  superior  to 
tissue  culture  for  studies  of  corneal  metabolism;  the 
biosynthetic  activities  of  corneal  organ  cultures 
more  closely  resemble  the  cornea  in  vivo  than  do 
cell  cultures.7277  Investigators  have  studied  the 
macromolecular  constituents  of  the  normal  cornea 
in  cell  and  organ  culture  and  have  begun  in  vivo 
studies  of  matrix  constituents  and  their  turnover. " 
It  is  now  established  that  the  corneal  proteoglycans 
produced  by  organ  cultures  of  the  cornea  are  similar 
to  those  synthesized  in  vivo. 80  The  recognition  that 
specific  cell  and  matrix  interactions  can  determine 
the  kinds  of  macromolecules  made  in  vitro  has 
stimulated  the  study  of  those  interactions  and 
development  of  sensitive,  analytical  methods  to 
permit  characterization  of  macromolecules  extract- 
ed directly  from  the  cornea. 

Studies  of  keratocyte  metabolism  in  scar  forma- 
tion have  produced  information  about  the  glycosa- 
minoglycans,  proteoglycans,  and  collagen  types  in 
scars,  as  compared  with  normal  tissue.  Studies  of 
vitamin  A  and  its  cell  receptors  have  contributed  to 
an  understanding  of  the  role  of  retinol,  a  lipid  which 
may  be  involved  in  the  synthesis  of  glycoproteins  or 
proteoglycans  by  keratocytes. 


RESEARCH  NEEDS 
AND  OPPORTUNITIES 

Research  on  hereditary  corneal  diseases  is  facilitated 
by  the  cornea's  accessibility  for  in  vivo  examination. 
It  would  be  desirable  to  obtain  many  samples  for  in 
vitro  studies  as  well,  but  such  material  is  not  readily 
available.  Many  techniques  now  available  for  study- 
ing normal  and  abnormal  corneas  need  further 
development,  for  example,  growing  whole  corneas 
(as  organ  cultures)  or  dispersed  cell  cultures,  and 


their  use  should  be  extended  to  new  studies,  such  as, 
more  comprehensive  analysis  of  the  products  of 
normal  and  abnormal  cells.  These  methods  make  it 
possible  to  study  large  populations  of  cells  from 
relatively  few  donors  and  manipulate  the  environ- 
ment around  cells.  Thus,  the  synthesis  of  and 
regulatory  factors  involved  in  producing  cell  prod- 
ucts such  as  collagen,  proteoglycans,  and  structural 
glycoproteins,  can  be  investigated. 

Although  cell  and  organ  culture  methods  have 
contributed  important  innovative  approaches  to 
understanding  the  metabolic  activities  of  kerato- 
cytes, the  emphasis  on  fibroblast  cell  cultures  has 
overlooked  the  importance  of  cell-matrix  and  fi- 
broblast-epithelial  cell  interactions  (identified  first  in 
the  study  of  corneal  morphogenesis).  The  realiza- 
tion that  such  interactions  can  determine  the  nature 
of  the  macromolecules  synthesized  by  keratocytes 
in  vitro  has  stimulated  comparison  of  macromole- 
cules produced  in  cell  and  organ  culture  with  those 
present  in  dystrophic  and  normal  corneas.  To  make 
such  a  comparison,  more  sensitive  analytical  meth- 
ods to  characterize  these  compounds  in  direct 
extracts  of  individual  corneas  need  to  be  devised. 

The  specific  research  needs  in  this  area  fall  under 
five  major  headings: 

Biochemical  Studies 

Most  studies  on  the  corneal  dystrophies  have 
neglected  to  analyze  the  turnover  of  extracellular 
matrix  materials,  largely  because  little  is  known 
about  the  mechanisms  governing  their  synthesis  and 
degradation  in  normal  corneas.  In  normal  adult 
corneas,  collagen  turnover  is  minimal,  although 
during  corneal  morphogenesis  it  is  rapid;  the  turn- 
over of  proteoglycans  and  glycosaminoglycans  is 
relatively  rapid.  These  metabolic  activities  have  not 
been  studied  in  dystrophic  corneas.  Thus,  biochemi- 
cal studies  of  dystrophic  corneas  are  needed  to 
define  how  matrix  substances  and  collagen  are 
synthesized  and  secreted,  and  how  corneal  matrix 
materials  are  degraded  intra-  and  extracellularly.  In 
particular,  cells  from  normal  and  dystrophic  corneas 
should  be  compared  with  regard  to  the  extracellular 
degradation  of  matrix,  recognition  factors  on  pro- 
teoglycans and  corneal  fibroblasts,  mechanisms  of 
endocytosis,  and  intracellular  degradation  of  struc- 
tural macromolecules.  Many  of  these  studies  can  be 
studied  profitably  in  vivo  in  animal  models. 

Recent  research  has  indicated  that  so-called 
"structural"  glycoproteins  are  important  to  the 
formation  of  normal  corneal  stroma.78"80  Their 
compositions,  amounts,  and  locations  need  to  be 
characterized  in  normal  and  dystrophic  corneas. 
Corneal  glycoprotein  synthesis  warrants  study,  es- 
pecially with  respect  to  the  possible  role  of  vitamin 
A  as  a  glycosylated  intermediate. 
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Investigations  of  corneal  tissue  can  relate  to  other 
studies  of  connective  tissues,  such  as  skin  from 
individuals  who  have  or  are  carriers  of  inherited 
defects.  Such  information,  as  well  as  that  obtained 
from  studies  of  corneal  diseases,  can  provide  in- 
sights into  the  general  pathway  of  connective  tissue 
synthesis  and  maturation. 

Studies  of  this  kind  could  eventually  lead  to  the 
prevention  and  treatment  of  some  corneal  disorders 
by  nonsurgical  procedures. 

Cell  Biology  Studies 

Differentiated  cell  lines  in  culture  may  continue  to 
express  inherited  metabolic  defects  observed  in  vivo 
even  though  they  appear  to  be  unaffected  morpho- 
logically by  the  diseases.  Thus,  they  can  be  a  useful 
tool  for  the  study  of  diseases.  Present  techniques  of 
handling  tissues  make  it  possible  for  investigators  to 
obtain  human  material  from  distant  sources.  For 
example,  corneal  tissue  obtained  at  the  time  of 
corneal  grafting  can  be  placed  under  sterile  condi- 
tions in  culture  media  and  shipped  to  investigators 
anywhere  in  the  world,  either  as  corneal  explants  or 
as  cell  cultures.  Similarly,  cryopreserved  cell  lines 
may  be  exchanged  among  investigators.  With  organ 
cultures,  corneal  tissue  can  be  incubated  in  appro- 
priate radioactive-labeled  solutions  and  then  trans- 
ported to  specific  investigators  for  analysis.  Thus, 
opportunities  are  available  for  investigators  to 
obtain  corneal  tissues  even  from  eyes  with  rare 
diseases. 

Considerably  more  information  about  optimal 
conditions  for  culturing  corneal  cells  is  needed, 
especially  a  better  understanding  of  the  effects  of 
such  variables  as  age,  cultural  conditions,  and 
species  of  origin  on  cells  in  culture  systems.  Thus, 
substantial  information  must  be  collected  on  corneal 
tissue  from  normal  individuals  and  experimental 
animal  models.  Tissue  culture,  although  expensive, 
presently  seems  to  be  the  only  feasible  approach  for 
studying  many  inherited  corneal  dystrophies,  be- 
cause only  minimal  data  can  be  obtained  from  in 
vivo  studies  using  current  techniques. 

Cellular  Genetics  Studies 

Studies  using  the  experimental  techniques  of  cell 
genetics,  such  as  somatic  cell  hybridization,  should 
provide  information  on  linkage  groups  that  contain 
the  genes  responsible  for  abnormal  structural  mac- 
romolecules.  It  may  be  possible  also  to  isolate  and 
study  the  genes  responsible  for  altering  the  rate  or 
nature  of  biosynthetic  processes  involved  in  macro- 
molecular  formation  in  some  of  the  corneal  dystro- 
phies. Analysis  of  primary  gene  products,  such  as 
collagen  and  proteoglycans,  may  be  insufficient  to 
explain  certain  corneal  dystrophies.  For  example,  it 


is  possible  that  interactive  properties  of  certain 
matrix  components  may  be  altered  (vis-a-vis  geneti- 
cally determined  changes  in  cross-linkages,  charged 
groups,  or  tertiary  structures)  and  contribute  to 
abnormal  corneal  structures. 

Tissue  Registries 

Registries  of  patients  with  corneal  dystrophies 
should  be  established  and  maintained.  Because  de- 
velopmental disorders  of  the  cornea  constitute  a 
significant  part  of  clinical  practice,  identification  of 
conditions  having  a  genetic  basis  can  assist  the 
recognition  of  high-risk  individuals  among  the  close 
relatives  of  patients  being  treated,  and  these  people 
too  should  be  included  in  the  registry.  The  registries 
could  also  serve  as  repositories  of  frozen  cells  and 
tissues  which  could  be  routed  to  qualified  investiga- 
tors or  stored  for  study  as  new  research  techniques 
are  developed.  Tissues  may  be  obtained  from 
corneal  biopsy,  keratoplasty,  and  autopsies. 

Animal  Models 

Available  animal  models  of  corneal  dystrophies  and 
developmental  anomalies  (for  example,  anterior 
cleavage  syndrome  in  mice)  should  be  studied. 
Additional  animal  models  should  be  sought  to  aid  in 
understanding  comparable  human  diseases. 

For  such  studies,  a  cooperative  effort  among 
ophthalmologists,  geneticists,  cell  biologists,  anato- 
mists, and  biochemists  is  required. 


RECOMMENDATIONS 


Based  on  the  foregoing  assessment  of  recent  accom- 
plishments, current  activities,  and  research  needs 
and  opportunities  in  "Corneal  Dystrophies,  Inherit- 
ed Disorders,  and  Developmental  Anomalies,"  the 
Panel  has  made  the  following  recommendations 
concerning  research  in  this  area  over  the  next  five 
years.  These  have  been  grouped  under  two  head- 
ings: Program  Base  and  Program  Development 
Priorities. 

The  Program  Base  is  an  area  of  ongoing  research 
where  the  current  level  of  activity  is  considered 
adequate.  Nonetheless,  additional  applications  for 
research  grants  in  this  area  may  be  funded  if  they 
are  innovative  and  of  very  high  quality  as  deter- 
mined by  the  NIH  peer  review  system. 

Program  Development  Priorities  include  areas  of 
ongoing  research  in  which  new  knowledge  and 
techniques  offer  particular  opportunities  for  scientif- 
ic progress,  or  promising  new  areas  of  research  in 
which  there  is  little  or  no  support  at  present  but 
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where  there  is  both  great  need  and  high  potential 
for  success.  Such  areas  are  judged  to  warrant 
significantly  increased  support  over  the  next  five 
years,  provided  that  high  quality  applications  for 
research   grants   in    these   areas   are   forthcoming. 

Program  Base 

■  Establish  a  national  registry  of  corneal  dystro- 
phies. 

Program  Development  Priorities 

■  Determine  abnormal  products  in  dystrophic  cor- 
neas from  in  situ  sources  and  after  organ  or  tissue 
culture. 

■  Identify  basic  mechanisms  responsible  for  the 
development  of  corneal  dystrophies. 


Study  animal  models  of  corneal  dystrophies 
when  they  exist;  where  none  has  been  identified, 
they  should  be  sought. 


RESOURCE 
REQUIREMENTS 

After  reviewing  current  research  grant  support  in 
each  of  these  categories  and  assessing  the  need  and 
potential  for  future  development,  the  Panel  has 
estimated  the  number  of  projects  it  believes  are 
needed  to  carry  out  its  recommendations  in  FY 
1983.  These  estimates  are  shown  in  the  following 
table.  For  a  discussion  of  the  general  basis  and 
significance  of  these  projections,  see  the  "Sum- 
mary" at  the  beginning  of  this  report. 


RESOURCE  TABLE 


G.  CORNEAL  DYSTROPHIES,  INHERITED  DISORDERS,  AND 
DEVELOPMENTAL  ANOMALIES 


No.  of  Grants 
FY  1981 


Panel  Recommendation  FY  83 


Add.  Grants 


Total  Grants 


Program  Base 

A.  Establish  national  registry  of  corneal  dystrophies. 
Program  Development  Priorities 

A.  Determine  abnormal  products  in  dystrophic 
corneas. 

B.  Identify  basic  mechanisms  responsible  for  development 
of  corneal  dystrophies. 

C.  Study  and  search  for  animal  models  of  corneal 
dystrophies. 

Subtotal  Grants 
(%  of  Program) 

Total  Estimated  Cost 


2 

1 

3 

1 

1 

2 

0 

1 

1 

4 

(3) 

3 
(6) 

7 
(3) 

$485,000 


$264,000 


$749,000 
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CORNEAL 

TRANSPLANTA 

TION  AND 

STROMAL 

WOUND 

HEALING 


A.  INFLAMMATION 
AND  REPAIR 

INTRODUCTION 


AS  A  CONSEQUENCE  of  injuries  and  infections, 
the  cornea  often  suffers  a  loss  of  tissue  substance 
(stromal  ulceration)  and  scarring,  which  produces 
opacities  and  diminishes  vision.  It  has  been  estimat- 
ed that  at  least  100,000  cases  of  corneal  opacifica- 
tion occur  annually  due  to  infections  (see  Chapter  1, 
"External  Ocular  Infections  and  Inflammatory  Dis- 
ease") and  other  disorders.  Such  conditions,  which 
produce  impaired  vision  and  severe  pain,  require 
numerous  visits  for  eye  care,  and  result  in  a  loss  of 
productivity  and  jobs  and  the  expenditure  of  mil- 
lions of  dollars  in  medical  costs  for  therapy  and 
rehabilitation. 

The  body  responds  to  diverse  physical  insults  by 
a  variety  of  mechanisms  that  lead  to  inflammation. 
In  the  cornea,  inflammatory  reactions  are  associated 
with  an  infiltration  of  leukocytes  (white  blood  cells). 
The  severity  of  inflammation  varies  with  the  nature 


of  the  insult  and  can  be  influenced  by  the  simulta- 
neous presence  of  microorganisms  and  their  prod- 
ucts. Although  the  inflammatory  response  to  nox- 
ious insults  can  be  beneficial,  it  can  also  be  detri- 
mental, and  the  end  result  all  too  frequently  is  an 
opaque,  scarred  cornea.  To  understand  the  nature  of 
the  injurious  processes  and  to  differentiate  them 
from  those  involved  in  healing,  it  is  necessary  to 
investigate  the  reactions  to  injury  both  of  cells 
normally  present  in  the  cornea  and  those  that 
infiltrate  the  cornea  during  inflammation.  It  is 
especially  important  to  learn  about  the  roles  of 
chemical  mediators  involved  in  the  scarring  and 
destruction  of  the  cornea.  Such  knowledge  would 
permit  the  development  of  specific  clinical  treat- 
ments to  provide  healing  without  the  accompanying 
damaging  side  effects. 

An  understanding  of  the  function  of  corneal  cells 
in  synthesizing  and  organizing  the  repair  materials 
produced  after  insult  is  necessary  so  that  scar  tissue 
formation  may  be  prevented  or  opacification  re- 
versed. Recent  research  has  demonstrated  that 
corneal  surface  cells  (epithelial  cells)  and  kerato- 
cytes  (corneal  fibroblasts)  synthesize  materials  in- 
volved in  the  production  of  scars,  and  in  the 
degradation  of  corneal  stromal  matrix  materials  (see 
Chapter  2,  "Ocular  Surface  Problems").  Research 
on  the  macromolecular  metabolism  of  epithelial  and 
stromal  cells  will  contribute  to  an  understanding  of 
wound  healing  in  the  cornea  after  cataract  and 
corneal  surgery  and  in  the  sclera  after  retinal 
detachment  surgery,  and  will  help  to  clarify  the 
basis  of  disorders,  such  as  stromal  dystrophies,  that 
reflect  metabolic  abnormalities  in  corneal  cells. 
Such  studies  should  also  contribute  information 
relevant  to  understanding  the  pathogenesis  of  tissue 
destruction  in  other  connective  tissue  disorders  (for 
example,  arthritis  and  periodontal  disease)  and  in 
scarring. 

The  growth  of  blood  vessels  into  the  normally 
avascular  cornea  (neovascularization)  can  be  a 
component  of  wound  healing  and  may  participate  in 
arresting  tissue  destruction.  However,  corneal  neo- 
vascularization also  occurs  in  many  blinding  dis- 
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eases,  including  trachoma  and  herpes  simplex  kerati- 
tis, and  causes  diminished  visual  acuity  and  exacer- 
bates corneal  transplant  rejection.  The  vascularized 
cornea  is  also  prone  to  opacification  due  to  lipid 
deposition.  Knowledge  of  the  processes  leading  to 
corneal  vascularization  is  vitally  important  and 
should  be  relevant  to  other  disorders  in  which 
neovascularization  contributes  significantly  to  visual 
impairment,  for  example,  diabetic  retinopathy,  reti- 
nopathy of  prematurity  (retrolental  fibroplasia),  and 
rubeosis  iridis.  Moreover,  since  tumor  cell  masses 
require  new  blood  vessels  to  support  their  growth, 
regulation  of  vascularization  is  relevant  to  the 
control  of  cancer. 


AREA 
OBJECTIVES 


To  study  the  biological  and  biochemical  bases  of 
tissue  destruction  and  scarring  in  the  cornea  and 
sclera. 

To  study  the  control  mechanism(s)  of  corneal 
neovascularization  in  normal  and  inflammatory 
states. 

To  prevent  corneal  ulceration  and  promote  the 
repair  of  corneal  matrix  components  compatible 
with  transparency. 


OVERVIEW  OF  CURRENT 
RESEARCH  SUPPORT 


In  FY  1981,  the  National  Eye  Institute  supported  16 
research  project  grants  at  a  total  cost  of  $1,256,000 
to  investigate  corneal  wound  healing  and  vasculari- 
zation, many  of  which  dealt  with  how  connective 
tissue  is  degraded  and  the  corneal  stroma  repaired. 
In  addition  to  studies  directly  concerned  with 
inflammation  and  corneal  wound  healing,  the  NEI 
supported  other  relevant  projects,  for  example, 
studies  of  corneal  morphogenesis  and  the  biochemis- 
try of  glycosaminoglycans  (GAGs),  proteoglycans 
(PGs),  structural  glycoproteins,  and  collagens  pro- 
duced by  normal  and  dystrophic  corneas  (see 
Chapter  4,  "Corneal  Edema,  Endothelial  Dysfunc- 
tion, Dystrophies,  and  Inherited  Disease").  Re- 
search on  the  ocular  surface  (see  Chapter  2)  is 
providing  information  on  the  relationship  of  corneal 
epithelial  processes  to  stromal  degradation,  for 
example,  epithelial  stimulatory  and  inhibitory  con- 
trol of  fibroblast  collagenase  secretion,  nerve  supply 
and  neurohumoral  receptors  and  cyclic  nucleotides 


in  epithelial  replication,  the  synthesis  of  basement 
membrane  with  regard  to  epithelial  defects,  and  the 
role  of  other  epithelial  factors  in  stromal  vasculari- 
zation. 

The  strength  of  research  in  corneal  inflammation 
and  wound  healing  stems  from  the  close  collabora- 
tion of  ophthalmologists  and  scientists  from  various 
disciplines,  including  cell  biologists,  biochemists, 
bioengineers,  pathologists,  and  immunologists.  Re- 
search in  this  area  has  been  well  funded  and  has 
produced  important  information  about  inflamma- 
tory mechanisms  and  wound  healing. 

However,  there  are  gaps  in  knowledge  of  corneal 
degradation  and  repair,  such  as  understanding  the 
relationship  of  corneal  innervation  to  stromal  ulcer- 
ation and  other  pathologic  states  of  the  cornea,  and 
the  significance  of  the  various  enzymes  and  media- 
tors detected  during  ulceration.  In  addition,  means 
of  suppressing  degradative  responses  without  com- 
promising repair  and  a  method  to  modulate  healing 
to  obtain  strong  yet  clear  interfaces  at  wound 
margins  are  badly  needed. 


RECENT 
ACCOMPLISHMENTS 


Although  the  cellular  and  humoral  events  of  corneal 
inflammation  are  thought  to  resemble  those  in  other 
tissues,  they  have  not  been  thoroughly  investigated 
in  the  cornea.  However,  basic  knowledge  is  increas- 
ing about  pathways  that  (1)  generate  factors  for 
chemotaxis  and  mediator  secretion  '  and  (2)  regulate 
the  permeability  and   ingrowth  of  blood   vessels. 2 

One  source  of  potential  mediators  is  the  limbal 
blood  vessels.  In  the  absence  of  inflammation,  small 
proteins,  below  the  sieving  limit  of  the  limbus 
(corneal  periphery)  and  limbal  vasculature,  can 
diffuse  centrally  into  the  corneal  stroma.  For  exam- 
ple, components  of  complement  (Clq,  C3,  and 
properdin),  a  group  of  proteins  that  participate  in 
diverse  immunologic  reactions,  have  been  demon- 
strated in  the  normal  corneal  stroma  by  immuno- 
chemical techniques — with  the  larger  substances 
normally  restricted  to  the  juxtalimbal  region. '  In 
addition  to  such  components,  plasminogen  also  has 
been  detected  in  the  corneal  stroma.  '  The  recent 
observation  that  the  normal  rabbit  cornea  contains  a 
peripheral  zone  of  plasminogen  activator  suggests 
that  injurious  stimuli  cause  the  release  of  this 
activator,  which  then  generates  plasmin  to  initiate 
plasmin-dependent  events. 3  The  normal  stroma  thus 
already  contains  some  components  of  known  inflam- 
matory pathways. 

After  injury  or  infection,  mediators  are  presumed 
to  have  been  generated  to  increase  permeability  of 
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the  limbal  vessels  to  macromolecules. 4  Increased 
vascular  permeability  and  edema  of  the  stroma  are 
thought  to  allow  large  blood-derived  proteins  to 
permeate  the  central  stroma.  Thus,  complement  has 
also  been  localized  in  pathologic  human  corneal 
tissue, 5  and  circulating  antibody,  which  is  active 
against  corneal  and  conjunctival  tissue,  has  been 
found  in  the  serum  of  patients  with  peripheral 
inflammatory  keratitis.  6  The  plasminogen  activator- 
plasmin  system  appears  to  function  in  both  degrada- 
tive  and  reparative  events  after  corneal  injury. 
Plasminogen  activator  injected  intrastromally  in- 
creases the  permeability  of  limbal  vessels  and 
neovascularization  of  the  corneal  stroma. 2  Plasmin 
is  reported  to  generate  fragments  from  C3,  which 
are  thought  to  be  chemotactic  for  polymorphonu- 
clear leukocytes  (PMNs). 7 

The  roles  of  cells  and  humoral  inflammatory 
mediators  are  being  elucidated  in  connective  tissue 
destruction  after  sterile  injuries  and  after  infections, 
and  in  autoimmune  diseases  of  the  cornea.  Specific 
white  blood  cells  have  been  found  to  be  sensitized 
to  the  cornea  and  conjunctiva  in  some  patients  with 
peripheral  corneal  inflammation. 8  Recent  research 
has  begun  to  define  the  roles  of  corneal9  and 
inflammatory  cells 2- 10  in  secretion  and  activation  of 
the  enzyme  collagenase  and  have  demonstrated  that 
interactions  among  corneal  epithelial  cells,  n  kerato- 
cytes  (corneal  fibroblasts),  and  leukocytes  10  regulate 
the  secretion  of  a  latent  collagenase.  Also,  plasmin 
has  been  shown  to  be  involved  in  stimulating 
corneal  fibroblasts  to  secrete  latent  collagenase,  and 
to  activate  it  to  a  form  that  degrades  corneal 
collagen. 3  Other  studies  demonstrate  the  roles  of 
cellular  activity  in  the  cornea;  for  example,  selective 
whole-body  depletion  of  neutrophils  can  prevent 
tissue  damage, 12  and  PMNs  are  phagocytic  in 
diverse  cases  of  ulceration. 13  As  elsewhere,  intercel- 
lular communication  by  soluble  mediators  (cyto- 
kines) regulates  cell  activity.  Other  processes  also 
affect  collagenase  activity:  collagenase  secretion  is 
inhibited  by  dibutyryl  cyclic  adenosine  monophos- 
phate (DBcAMP); 14  phagocytosis  stimulates  it; 15 
and  hormonal  status  (progestational)16-17  affects 
collagenase  levels. 

Also,  studies  of  the  complement  and  properdin 
systems  have  sought  to  define  the  roles  of  those 
humoral  systems  in  attracting  host  leukocytes  to  the 
cornea. J 

Other  research  has  been  conducted  on  natural 
inhibitors  of  enzymes  involved  in  tissue  breakdown, 
such  as  the  serum  antiproteases,  and  substances  to 
inhibit  collagenase  and  other  proteases. 18  The 
normal  cornea  has  been  reported  to  contain  endog- 
enous inhibitor(s)  of  collagenase  19  and  inhibitors  of 
serine  proteases. 20  Endogenous  collagenase  inhibi- 
tors might  regulate  degradation  of  stromal  collagen. 
Serine  protease  inhibitors  (possibly  analogous  to 
inhibitors  in  cartilage  extracts)  might  play  important 


roles  in  inhibiting  collagenase  activation  and  proteo- 
lytic events  leading  to  neovascularization. 2 

The  role  of  vitamin  A  in  maintaining  the  integrity 
of  the  cornea  is  being  widely  studied. 21,22  Receptors 
for  vitamin  A  exist  in  the  various  corneal  layers; 20,23 
specific  epithelial  cell  glycoproteins  appear  to  be 
under  the  control  of  the  vitamin. 24  Recent  research 
funded  by  the  National  Eye  Institute  has  shown  that 
vitamin  A-deficient  corneas  release  increased  levels 
of  collagenase,  and  the  relationship  of  vitamin  A 
status  to  collagenase  activity  and  ulceration  has 
been  studied  in  a  model  of  xerophthalmia,  a  result  of 
vitamin  A  deficiency. 21  Dietary  vitamin  A  also  can 
prevent  corneal  lesions  after  environmental  trauma 
(thermal  burns)  and  suppress  collagenase  release  in 
vitro  from  corneas  that  were  previously  vitamin  A- 
deficient. 21  Moreover,  topical  vitamin  A  (retinoic 
acid)  has  been  reported  to  prevent  stromal  destruc- 
tion in  vitamin  A-deficient  animals. 25 

Ascorbate  (vitamin  C)  has  been  introduced  as  a 
treatment  for  alkali-induced  corneal  ulceration.  At 
least  in  part,  ascorbate  appears  to  restore  the 
hydroxylation  and  secretion  of  collagen  by  kerato- 
cytes. 26  The  severity  (but  not  the  frequency)  of 
ulcers  after  alkali  burns  is  increased  by  corticoster- 
oids if  they  are  given  during  repopulation  of  the 
stroma  by  corneal  fibroblasts  and  during  presumed 
active  repair  synthesis. 27  In  contrast,  administration 
of  the  progestational  steroid  Provera  (medroxypro- 
gesterone) suppresses  elevation  of  collagenase  levels 
of  both  systems  and  reduces  the  severity  of  ulcer- 
ation after  alkali  burn16  or  keratitis  after  herpes 
simplex  type  2  stromal  infection.17  Other  modes  of 
therapy,  such  as  protection  of  the  corneal  surface 
using  either  the  glued-on  polymethylmethacrylate 
contact  lens 13  or  cyanoacrylate  glue 28  alone,  have 
been  reported  to  prevent  ulceration,  and  use  of  the 
lens  or  glue  apparently  has  enabled  use  of  high-dose 
corticosteroids  to  control  anterior  segment  inflam- 
mation. 29 

As  mentioned  earlier,  vascularization  is  a  re- 
sponse to  many  injuries  of  the  cornea;  the  same 
process  that  can  be  detrimental  to  corneal  trans- 
plants is  desirable  in  attempts  to  preserve  the 
integrity  of  the  anterior  segment  following  chemical 
burns.  The  normal  cornea  contains  alphai  antitryp- 
sin but  does  not  contain  alpha2  macroglobulin  (a 
major  plasmin  and  collagenase  inhibitor).  After 
severe  injury,  neovascularization  of  the  cornea  is 
thought  to  provide  alpha2  macroglobulin. 18  Indeed, 
it  has  been  shown  recently  that  corneas  prevascular- 
ized  experimentally  do  not  ulcerate  after  thermal 
burns. 30 

It  is  now  recognized  that  corneal  vascularization 
usually  is  a  component  of  acute  inflammation,  and 
numerous  experimental  studies  have  attempted  to 
elucidate  its  pathogenesis.31-39  Some  aspects  of  the 
complex  events  that  occur  in  the  early  phases  of 
corneal  neovascularization  have  been  investigated 
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experimentally;  for  example,  the  intracorneal  instil- 
lation of  intact  or  homogenized  cells  of  many  types 
and  plasminogen2  and  other  substances38,39  stimu- 
late corneal  vascularization.  Plasminogen  activator 
may  play  an  important  role  in  the  complex  chain  of 
events  that  antecede  corneal  vascularization,  but 
much  remains  to  be  explained  about  this  process. 
Leukocytes  and  other  mediators  of  inflammation 
seem  to  modulate  the  extent  and  severity  of  corneal 
neovascularization,32,33  but  the  initiator  of  the  vas- 
cular ingrowth  remains  unknown.  However,  the 
pericorneal  (limbal)  blood  vessels  begin  DNA  syn- 
thesis within  21  hours  of  certain  corneal  injuries,38 
indicating  that  the  initial  events  of  neovasculariza- 
tion probably  begin  early  in  the  postinjury  period. 

Studies  of  wound  repair  suggest  that  fibroblast 
repopulation  of  a  wound  is  enhanced  by  growth 
factors. 40  The  types  of  collagens  produced  in  cell 
culture  by  fibroblasts  have  been  characterized  ac- 
cording to  the  linkage  groups  within  which  struc- 
tural genes  for  the  collagens  are  located. 41  Ascor- 
bate  restores  the  ability  of  fibroblasts  in  ulcerating 
corneas  to  secrete  collagen  into  the  extracellular 
space.  26 

Unfortunately,  one  response  of  the  cornea  to 
injury  is  the  production  of  scar  tissue  resulting  in 
decreased  visual  acuity.  Transmission  and  scanning 
electron  microscopy  have  revealed  that  such  scar 
tissue  contains  unorganized  collagen  fibrils  of 
thicker  diameter  than  normal. 42  Scar  tissue  also 
contains  collagen  of  different  composition, 42  as  well 
as  changed  patterns  of  proteoglycans, 43  compared 
with  the  normal  cornea.  The  injured  adult  rabbit 
cornea  initially  produces  collagen  cross-links 42  simi- 
lar to  those  in  the  fetal  cornea  and  with  time 
produces  macromolecules  and  cross-links  more  like 
those  in  normal,  transparent  tissue.  However,  even  a 
year  after  injury  they  remain  different  from  those  in 
normal  tissue. 42  The  tensile  strength  of  corneal  scars 
is  less  than  that  of  normal  corneal  tissue.  Noninva- 
sive methods  are  being  developed  for  evaluating  the 
tensile  strength  of  scars  at  wound  margins. 


RESEARCH  NEEDS 
AND  OPPORTUNITIES 


Although  studies  of  the  mechanisms  of  connective 
tissue  destruction  provide  important  information  on 
ulceration,  it  is  clear  that  increased  research  empha- 
sis is  warranted  on  the  mechanistic  relationship 
between  epithelial  surface  defects  and  underlying 
stromal  ulceration 42  (see  Chapter  2).  Therefore, 
study  of  stromal  ulceration  is  inadequate  without 
consideration  of  the  corneal  epithelium  and  its 
replicative  and  adhesive  properties.  Little  is  known 
about  the  relationships  among  the  nerve  supply  to 


the  cornea,  epithelial  healing,  and  the  tendency  for 
corneal  stromal  ulceration. 44  It  is  not  known,  for 
example,  why  patients  whose  corneal  epithelium  is 
denuded  or  whose  innervation  is  lost  (neuroparalyt- 
ic or  neurotrophic  disease)  develop  chronic  epithe- 
lial defects  and  subsequent  underlying  stromal 
ulcers.  The  susceptibility  of  denervated  corneas  to 
ulcer-producing  trauma  should  be  studied. 

It  is  also  necessary  to  explore  the  pathways  that 
generate  factors  which  control  leukocyte  move- 
ments, mediator  secretion,  and  blood  vessel  perme- 
ability and  ingrowth.  Also,  the  interaction  between 
corneal  and  inflammatory  cells  must  be  studied 
further. 

If  collagenase  activity  plays  an  important  role  in 
human  corneal  ulceration,  it  is  reasonable  to  attempt 
to  inhibit  not  just  that  enzyme,  but  also  the 
protease(s)  that  activates  latent  collagenase.  Since 
plasmin  appears  to  be  an  important  activator  of 
collagenase,  it  would  be  useful  to  develop  specific 
irreversible  inhibitors  of  plasmin  and  the  activator 
of  plasminogen.  However,  it  is  not  yet  certain  that 
only  collagenase  is  involved  in  initiating  ulceration 
of  the  corneal  stroma.  Although  inhibitors  of  human 
collagenase  are  effective  in  vitro,  their  efficacy  in 
preventing  ulceration  in  patients  with  stromal  ulcer- 
ation has  not  been  proved.  Since  it  is  possible  that 
enzymes  other  than  collagenase,  such  as  leukocyte 
elastase  and  cathepsin  G,  may  be  involved  in 
collagen  (and  proteoglycan)  degradation,  their  role 
in  human  corneal  ulceration  should  be  determined. 
It  would  then  be  important  to  identify  inhibitors  of 
these  proteases. 

Proteoglycan  degradation  is  an  important  aspect 
of  corneal  ulceration,  but  unfortunately,  little  is 
known  of  the  enzymologic  mechanisms  of  proteo- 
glycan turnover  in  either  normal  or  ulcerating 
corneas.  Therefore,  research  on  the  characterization 
and  metabolism  of  proteoglycans  in  normal,  ulcerat- 
ing, healing,  and  scarred  corneas  must  be  continued. 
To  this  end,  ultramicromethods  need  to  be  devel- 
oped so  that  scar  tissue  from  individual  human 
corneas  obtained  at  transplant  can  be  examined.  It  is 
also  necessary  to  compare  the  results  of  in  vitro 
studies,  including  those  obtained  from  reconstructed 
systems  with  mixed  cell  types,  with  results  obtained 
upon  direct  extraction  from  pathologic  specimens. 
If  a  certain  ratio  of  proteoglycans  is  needed  to 
achieve  transparency,  it  will  be  necessary  to  under- 
stand the  processes  of  proteoglycan  synthesis  and 
degradation  and  their  regulation.  To  determine  the 
precise  structural  role  of  glycoproteins  in  corneal 
architecture  and  transparency,  the  structural  glyco- 
proteins must  be  purified,  characterized,  and  local- 
ized in  the  cornea,  and  their  interaction  with  other 
stromal  macromolecules  examined. 

Animal  models  of  peripheral  inflammatory  kerati- 
tis need  to  be  developed.  The  unique  antigens  and 
cross-reactive  antigens  in  the  basement  membrane, 
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as  well  as  cell-associated  antigens  of  the  cornea  and 
conjunctiva,  need  to  be  identified.  Therefore,  mate- 
rial from  patients  with  peripheral  keratitis  and  other 
suspected  autoimmune  diseases  should  be  studied 
using  appropriate  techniques  to  isolate  these  anti- 
gens. Ultimately,  pharmacological  methods  to  con- 
trol peripheral  corneal  inflammatory  diseases  must 
be  developed. 

The  role  of  vitamin  A  in  regulating  the  secretion 
of  collagenase  and  the  synthesis  of  glycoproteins 
and  proteoglycans  during  normal  metabolism  and 
under  ulcerative  conditions  must  be  determined. 
The  limits  of  ascorbate's  efficacy  in  the  treatment  of 
ulceration  should  be  studied  to  determine  whether  it 
is  effective  when  the  ciliary  body  is  intact  or  only 
when  it  has  been  destroyed,  as  well  as  in  other 
ulcerative  situations.  The  research  on  ascorbate  has 
raised  the  question  of  whether  repair  processes  can 
be  augmented  to  prevent  ulceration  independent  of 
degradative  processes  and  whether  anti-inflamma- 
tory drugs  can  be  used  to  suppress  degradation 
without  compromising  repair.  If,  as  indicated,  pro- 
gestational steroids  can  inhibit  degradative  events 
without  suppressing  repair  synthesis  (in  contrast  to 
corticosteroids,  which  suppress  repair  and  degrada- 
tive processes),  then  these  drugs  might  have  a  role 
in  treating  corneal  disorders  associated  with  stromal 
ulceration.  Progestational  steroids  have  been  report- 
ed to  lower  intraocular  pressure  (also  in  contrast  to 
corticosteroids),  but  it  is  not  known  if  chronic 
treatment  with  these  steroids  produces  posterior 
subcapsular  cataracts  (similar  to  corticosteroids). 
The  Panel,  therefore,  recommends  investigation  of 
the  anti-inflammatory  and  anti-ulcerative  properties, 
and  the  wound  healing  effects,  of  progestational 
steroids. 

There  are  many  experimental  models  of  corneal 
neovascularization,  and  various  systems  are  availa- 
ble for  the  in  vivo  and  in  vitro  bioassay  of 
substances  that  are  either  angiogenic  or  capable  of 
inhibiting  angiogenesis.  Nevertheless,  all  existing 
systems  and  methods  have  limitations,  and  further 
research  must  be  undertaken  to  develop  better 
methods  of  bioassay  which  are  both  sensitive  and 
reproducible.  Since  plasminogen  activator  is  angio- 
genic, further  studies  are  needed  to  clarify  its  role, 
the  function  of  other  mediators,  and  that  of  leuko- 
cytes in  corneal  neovascularization. 


RECOMMENDATIONS 


Based  on  the  foregoing  assessment  of. recent  accom- 
plishments, current  activities,  and  research  needs 
and  opportunities  in  "Inflammation  and  Repair," 
the  Panel  has  made  the  following  recommendations 
concerning  research  in  this  area  over  the  next  five 


years.  These  have  been  grouped  under  two 
headings:  Program  Base  and  Program  Develop- 
ment Priorities. 

The  Program  Base  includes  areas  of  ongoing 
research  where  the  current  level  of  activity  is 
considered  adequate,  or  areas  of  ongoing  research  in 
which  there  may  be  great  need  for  additional 
activity,  but  where,  in  the  Panel's  judgment,  little  or 
no  opportunity  (new  methods  or  insights)  exists  at 
present  to  justify  a  significant  expansion  of  effort. 
Nonetheless,  additional  applications  for  research 
grants  in  these  areas  may  be  funded  if  they  are 
innovative  and  of  very  high  quality  as  determined 
by  the  NIH  peer  review  system. 

Program  Development  Priorities  include  areas  of 
ongoing  research  in  which  new  knowledge  and 
techniques  offer  particular  opportunities  for  scientif- 
ic progress,  or  promising  new  areas  of  research  in 
which  there  is  little  or  no  support  at  present  but 
where  there  is  both  great  need  and  high  potential 
for  success.  Such  areas  are  judged  to  warrant 
significantly  increased  support  over  the  next  five 
years,  provided  that  high  quality  applications  for 
research    grants    in    these   areas   are   forthcoming. 

Program  Base 

■  Define  the  role  of  vitamin  A  in  regulating 
glycoprotein  and  proteoglycan  synthesis  in  cor- 
neal stroma. 

■  Determine  the  limits  of  efficacy  of  ascorbate  and 
cyanoacrylate  (with  or  without  a  contact  lens)  in 
the  treatment  of  alkali  burns  and  corneal  wound 
repair. 

■  Study  the  enzymology  of  proteoglycan  synthesis 
and  degradation  with  particular  reference  to 
corneal  injury. 

■  Develop  animal  models  of  peripheral  inflamma- 
tory keratitis. 

■  Develop  sensitive  methods  for  analyzing  minute 
quantities  of  corneal  matrix  materials. 


Program  Development  Priorities 

■  Compare  the  differential  effects  of  corticosteroids 
and  progestational  steroids  on  tissue  destruction 
and  wound  healing. 

■  Identify  cells  and  mediators  which  cause  tissue 
destruction  after  injury,  infection,  and  autoim- 
mune diseases  of  the  cornea. 
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RESOURCE 
REQUIREMENTS 

After  reviewing  current  research  grant  support  in 
each  of  these  categories  and  assessing  the  need  and 
potential    for    future    development,    the    Panel    has 


estimated  the  number  of  projects  it  believes  are 
needed  to  carry  out  its  recommendations  in  FY 
1983.  These  estimates  are  shown  in  the  following 
table.  For  a  discussion  of  the  general  basis  and 
significance  of  these  projections,  see  the  "Sum- 
mary" at  the  beginning  of  this  report. 


RESOURCE  TABLE 

A.  INFLAMMATION  AND  REPAIR 


No.  of  Grants 

Ps 

inel  Recomm 

inflation  FY  83 

FY  1981 

Add 

.  Grants 

Total  Grants 

1 

0 

1 

2* 

0 

2 

1 

0 

1 

1 

0 

1 

8 

0 

8 

Program  Base 

A.  Define  role  of  vitamin  A  in  regulating  glycoprotein 
and  proteoglycan  synthesis  in  corneal  stroma. 

B.  Determine  the  limits  of  efficacy  of  ascorbate  and 
cyanoacrylate  (with  or  without  a  contact  lens)  in  the 
treatment  of  alkali  burns  and  corneal  wound  repair. 

C.  Study  the  enzymology  of  proteoglycan  synthesis  and 
degradation  with  particular  reference  to  corneal  injury. 

D.  Develop  animal  models  of  peripheral  inflammatory 
keratitis. 

E.  Develop  sensitive  methods  for  analyzing  minute 
quantities  of  corneal  matrix  materials. 

Program  Development  Priorities 

A.  Compare  the  differential  effects  of  corticosteroids  and 
progestational  steroids  on  tissue  destruction  and 
wound  healing. 

B.  Identify  cells  and  mediators  which  cause  tissue 
destruction  after  injury,  infection,  and  autoimmune 
diseases  of  the  cornea. 

Subtotal  Grants 
(%  of  Program) 

Total  Estimated  Cost 


16 

(10) 

$1,256,000 


4 

(8) 

$884,000 


20 
(9) 

$2,140,000 


Includes  one  single-center  clinical  trial:    Ascorbic  Acid 
Therapy  in  Alkali  Burns  of  the  Eye. 
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B.  CORNEAL 
TRANSPLANTATION 

INTRODUCTION 


Surgeons  have  been  able  to  minimize  the  techni- 
cal difficulties  encountered  during  surgery  which 
were  formerly  associated  with  transplant  failures. 
Today,  the  success  rate  for  obtaining  clear  trans- 
plants in  conditions  such  as  keratoconus  and  corneal 
edema  is  80  to  95  percent.  However,  corneal 
transplants  can  become  clouded  due  to  biologic 
factors  such  as  immunologic  rejection  (allograft 
reaction),  glaucoma,  or  nonimmune  failure  of  the 
transplanted  endothelium.  Moreover,  patients  with 
clear  transplants  may  not  see  well  because  their  new 
corneas  have  significant  amounts  of  astigmatism 
which  cannot  be  corrected  with  glasses  or  contact 
lenses,  or  because  they  had  disease  of  the  retina  or 
optic  nerve,  which  could  not  be  detected  prior  to 
surgery. 


AREA 
OBJECTIVES 


To  determine  the  processes  which  cause  corneal 
transplants  to  fail  and  learn  how  to  prevent  them. 

To  improve  the  restoration  of  vision  after  corneal 
transplantion. 

To  eliminate  the  cause(s)  of  astigmatism  follow- 
ing corneal  transplantation. 

To  improve  the  selection  and  handling  of  donor 
eyes  to  provide  the  best  possible  tissue  for 
corneal  transplant  recipients. 


Corneal  transplantation  (keratoplasty)  is  the  only 
means  of  restoring  vision  to  eyes  in  which  corneas 
have  been  scarred  (opacified)  as  a  result  of  injury, 
infection,  or  hereditary  diseases. 1  In  this  operation, 
70  to  90  percent  of  the  diseased  cornea  is  replaced 
with  donor  tissue.  The  oldest  and  most  successful 
type  of  tissue  transplant,  keratoplasty  has  been 
performed  regularly  since  the  1940s,  and  an  estimat- 
ed 15,000  to  20,000  corneas  are  transplanted  annual- 
ly in  the  United  States. 2 

The  operation  usually  is  performed  under  local 
anesthesia  with  the  aid  of  an  operating  microscope 
using  microsurgical  instruments  and  sutures  much 
finer  than  human  hair.  Minimal  discomfort  is  in- 
volved, patients  are  permitted  to  ambulate  immedi- 
ately after  surgery,  and  are  usually  able  to  return 
home  within  a  few  days  after  surgery.  After  the 
corneal  wound  heals  and  the  sutures  are  removed, 
spectacles  or  contact  lenses  may  be  required  to 
provide  the  best  possible  vision.  In  some  cases 
intraocular  lenses  can  be  implanted  during  corneal 
transplantation  to  correct  vision. 


OVERVIEW  OF  CURRENT 
RESEARCH  SUPPORT 

In  FY  1981,  the  National  Eye  Institute  supported  11 
research  grants  for  studies  of  corneal  transplantation 
at  a  total  cost  of  $1,180,000.  In  addition  to  research 
in  corneal  inflammation  and  wound  healing  related 
to  corneal  transplantation,  a  significant  amount  of 
related  research  was  under  way  in  endothelial  cell 
transplantation,  corneal  preservation  (see  Chapter  4, 
"Corneal  Edema,  Endothelial  Dysfunction,  Dystro- 
phies, and  Inherited  Disease"),  and  prevention  of 
post-transplant  glaucoma.  Funded  projects  included 
those  evaluating  the  cell  antigens  responsible  for 
immunologic  rejection,  cellular  mechanisms  of  re- 
jection, and  means  of  suppressing  the  rejection 
process. 

Several  projects  concerned  the  study  of  how  the 
cornea  transmits  light;  in  others  pathologic  changes 
in   failed   corneal   grafts   were   investigated.   Other 
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organizations  supported  some  research  in  corneal 
transplantation:  the  Veterans  Administration, 
awarded  small  grants  for  studies  of  corneal  preser- 
vation and  specular  microscopic  evaluation  of  the 
corneal  endothelium,  and  private  institutions  funded 
small  grants  to  study  techniques  for  counting  cells 
in  specular  micrographs.  Ongoing  Food  and  Drug 
Administration  studies,  which  evaluate  intraocular 
lenses  and  continuous-wear  contact  lenses,  consider 
the  effects  of  these  devices  on  the  transplanted 
cornea. 


RECENT 
ACCOMPLISHMENTS 

In  the  last  decade,  improved  selection  and  handling 
of  donor  eyes,  combined  with  improved  tissue 
preservation  and  surgical  techniques,  have  im- 
proved the  overall  success  rate  for  corneal  trans- 
plantation. 2  In  patients  with  nonimmune  graft  fail- 
ure, the  underlying  mechanisms  may  be  related  to 
postsurgical  endothelial  cell  failure 3  (see  Chapter  4) 
or  lack  of  ocular  surface  integrity  (see  Chapter  2, 
"Ocular  Surface  Problems").  However,  new  surgi- 
cal techniques  have  minimized  the  endothelial  cell 
damage  occurring  at  the  time  of  surgery,  so  that 
most  transplant  failures  stem  directly  from  immuno- 
logic rejection. 

The  clinical  characteristics  of  corneal  graft  rejec- 
tion have  been  well  described;  therefore,  clinicians 
can  now  recognize  and  attempt  to  reverse  the 
process  with  topical  and  systemic  corticosteroids. 4 

Certain  cell  surface  antigens  called  la  antigens  in 
the  mouse  and  the  homologous  D/DR  antigens  in 
humans  can  elicit  a  strong  allograft  response,  at  least 
for  skin  grafts  and  kidney  grafts. 5' 6  Recent  studies 
of  these  antigens  on  mouse  corneal  cells  have 
produced  conflicting  findings.7-9  Another  set  of 
cell-surface  antigens  present  in  humans  are  those 
coded  for  by  the  HLA-A,  B,  and  C  loci,  and 
although  they  have  been  under  investigation  for 
several  years,  their  specific  role  in  corneal  graft 
rejection  is  still  uncertain.  In  particular,  whether 
there  is  a  significant  correlation  between  the  degree 
of  HLA  match  between  donor/recipient  and  graft 
outcome  is  not  entirely  certain. 10" 13  Other  studies 
have  demonstrated  the  importance  of  preexisting 
cytotoxic  antibodies  in  graft  recipients  irrespective 
of  HLA  type.  12~14 

Further  definition  of  the  graft  rejection  process 
has  been  approached  by  examining  the  cell  types 
responsible  for  the  rejection. 15,16  Although  a  specif- 
ic type  of  lymphocyte,  the  T-lymphocyte,  has  been 
thought  to  play  a  major  role  in  the  rejection 
process,  only  recently  has  any  solid  evidence 
suggested  this  to  be  the  case. 17  Certain  antibodies 


have  been  demonstrated  in  vitro  to  be  toxic  to  the 
corneal  endothelium  in  the  presence  or  absence  of 
complement,  but  the  role  of  humoral  antibodies  in 
the  immune  process  of  rejection  appears  to  be 
secondary  to  that  of  the  lymphocyte. 

The  use  of  modified  types  of  antibodies  to  block 
transplant  rejection  in  an  animal  model  has  been 
demonstrated. 18  These  so-called  blocking  antibodies 
apparently  mask  sensitizing  host  antigens  in  the 
early  post-transplant  period.  Such  studies  have  not 
yet  been  applied  to  the  clinical  problem  of  allograft 
rejection.  The  effect  of  certain  drugs  on  blocking 
immune  graft  rejection  has  also  been  examined.  One 
such  drug,  Cyclosporine,  an  undecapeptide  of 
fungal  origin,  applied  topically  or  systemically, 
prevents  transplant  rejection  in  a  rabbit  model  of  the 
vascularized  cornea. 19  Although  topical  corticoster- 
oids, given  in  low  doses  on  a  daily  basis,  seem  to 
reduce  the  incidence  of  rejection,  chronic  treatment 
can  lead  to  cataract  formation  and  increased  intra- 
ocular pressure. 20  Unfortunately,  once  allograft 
rejection  has  started,  corticosteroids  may  not  be 
effective. 

In  certain  cases  with  poor  prognosis,  such  as 
corneas  damaged  by  chemical  burns,  the  use  of 
bandage  soft  contact  lenses  has  increased  the  suc- 
cess rate  of  corneal  transplantation.  These  hydro- 
philic  soft  contact  lenses  promote  resurfacing  of  the 
transplanted  cornea  by  epithelial  cells  and  help 
maintain  ocular  surface  integrity  in  the  early  stages 
after  surgery. 

In  the  past,  corneal  tissue  suitable  for  transplanta- 
tion surgery  had  to  be  used  within  24  to  36  hours  of 
donor  death,  but  today  corneas  can  be  preserved  for 
more  than  72  hours  in  special  tissue  culture  solu- 
tions, such  as  M-K  medium, 2  yielding  better  quality 
tissue  than  previous  storage  methods.  Inspection  of 
the  corneal  endothelium  in  donor  eyes  with  the 
specular  microscope  will  help  to  eliminate  eyes  with 
diseased  endothelium  and  minimize  primary  donor 
dysfunction  as  a  cause  of  transplant  failure. 

Patients  who  have  undergone  cataract  surgery 
were  previously  considered  to  be  poor  candidates 
for  corneal  transplantation,  but  improved  surgical 
techniques  and  recognition  of  the  necessity  to 
remove  the  anterior  vitreous  have  improved  the 
prognosis.  The  problem  of  high  intraocular  pressure 
after  aphakic  corneal  grafts  has  been  recognized, 
and  some  surgical  techniques  have  been  devised  to 
eliminate  this  problem. 

Better  preoperative  assessment  of  recipient  eyes 
with  ultrasound  before  corneal  transplantation,  and 
electrophysiologic  techniques  to  evaluate  the  func- 
tioning of  the  retina  and  optic  nerve,  have  improved 
patient  selection.  New  techniques  have  been  devel- 
oped to  assure  postoperative  recovery  of  visual 
acuity,  such  as  combined  corneal  transplants  with 
cataract  extractions,  extended-wear  soft  contact 
lenses,  and  intraocular  lenses.  An  expansion  of  the 
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Eye  Bank  Association  of  America  guidelines  has 
provided  the  first  uniform  set  of  standard  operating 
procedures  for  eye  banks  on  a  national  scale. 
Although  post-transplant  astigmatism  remains  a 
significant  problem,  the  development  of  such  surgi- 
cal techniques  as  wedge  resection  and  relaxing 
corneal  incisions  to  reduce  astigmatism  has  enabled 
some  patients  to  achieve  a  much  better  level  of 
postoperative  acuity  than  could  previously  be  at- 
tained with  glasses  or  contact  lenses. 


RESEARCH  NEEDS 
AND  OPPORTUNITIES 


Despite  recent  improvements  in  corneal  transplanta- 
tion, graft  rejection  still  occurs  in  10  to  33  percent 
of  patients,  even  if  the  recipient  cornea  is  avascu- 
lar. 2!  The  rejection  rate  may  be  greater  than  70 
percent  in  patients  with  scarred,  vascularized  cor- 
neas6 resulting  from  infection,  chemical  burns,  or 
other  insult. '  To  improve  the  prognosis  of  such 
cases,  it  is  necessary  to  understand  the  mechanism(s) 
of  graft  failure,  particularly  the  immune  reactions 
underlying  graft  rejection. 4  Although  the  immuno- 
logic mechanisms  of  transplant  rejection  and  the 
destruction  of  the  endothelium  by  host  lymphocytes 
or  antibodies  have  received  careful  study, 22  the 
means  of  sensitization  and  specific  immune  host- 
mediated  destruction  remain  undefined. 

Over  the  past  several  years  rapid  advances  in 
immunologic  research  have  provided  new  ap- 
proaches to  overcoming  graft  failure  due  to  immune 
rejection.  Application  of  this  information  to  studies 
of  corneal  transplantation  should  yield  useful  infor- 
mation applicable  to  all  organ  transplants. 

The  significance  of  the  histocompatibility  anti- 
gens of  various  types  of  corneal  cells  to  the 
mechanism  of  corneal  graft  rejection  has  not  been 
conclusively  established  in  humans  or  laboratory 
animals.  However,  a  wide  variety  of  nonocular 
experimental  studies  have  indicated  the  importance 
of  certain  cell  surface  antigens  in  rejection  phenom- 
ena, particularly  the  role  of  HLA  D/DR  antigens  in 
eliciting  kidney  allograft  rejection  in  humans. 6 
Similarly,  the  homologous  la  antigens  of  mice 
promote  strong  transplant  immune  reactions. 5-7,8 
Immunofluorescent  techniques  have  demonstrated 
that  some  human  corneal  epithelial  cells  express 
HLA  D/DR  antigens. 23  This  observation  should  be 
confirmed  by  using  different,  more  sensitive  tech- 
niques such  as  the  immunoperoxidase  procedure,  the 
mixed  lymphocyte  culture  technique  (MLC),  and 
the  cell-mediated  lympholysis  technique  (CML). 
The  antigen  content  of  cells  of  the  corneal  endothe- 
lium and  stroma  likewise  should  be  studied  careful- 
ly.  The  distribution   of  the   HLA   D/DR  antigen 


homologs,  the  la  antigens,  should  be  investigated 
further  by  using  inbred  strains  of  rodents. 

Because  very  sensitive  transplantation  assays  indi- 
cate that  mouse  cornea  cells  do  not  express  D/DR 
equivalent  antigens  (la  antigens), 7-8  the  use  of  inbred 
strains  of  mice  and  rats  would  provide  valuable  in 
vivo  data  regarding  the  different  antigens  represent- 
ed on  corneal  cells.  Determining  the  significance  of 
corneal  cell  antigens  would  stimulate  collaboration 
between  researchers  and  clinicians  in  developing 
new  methods  of  assessing  human  tissue  to  detect 
antigens  that  are  unmatched  between  a  donor  and  a 
recipient;  this  may  aid  in  the  prevention  of  corneal 
allograft  rejection. 

A  number  of  clinical  and  animal  studies  have 
described  the  cellular  processes  involved  in  corneal 
allograft  reaction.  Lymphocytes  have  been  ob- 
served infiltrating  grafts,  apparently  migrating 
across  the  corneal  graft  endothelium,  to  damage  and 
kill  the  graft  cells. 22  Although  the  available  evi- 
dence suggests  that  corneal  allograft  rejection,  like 
other  types  of  primary  allograft  rejection,  is  mediat- 
ed by  thymus-derived  lymphocytes  (T-cells),  the 
type  of  lymphocyte  (B-  or  T-cells)  present  in 
corneal  allografts  undergoing  rejection  has  not  been 
conclusively  determined.  Examination  of  corneal 
tissue  from  inbred  animals  and  from  humans  using 
commercially  available  monoclonal  antibodies  spe- 
cific for  lymphocyte  subclasses  will  make  it  possible 
to  identify  and  enumerate  the  specific  type(s)  of 
lymphocytes  that  participate  in  the  corneal  allograft 
reaction.  Such  information  should  be  helpful  in 
formulating  immunologically  specific  and  nonspecif- 
ic therapies  to  prevent  or  modify  the  graft  rejection 
process. 

More  research  is  needed  on  drugs  that  inhibit 
graft  rejection.  The  potent  immunosuppressive 
agent,  Cyclosporine,  for  example,  should  be  careful- 
ly studied  and  tested  in  an  experimental  model  of 
corneal  transplantation.24,25  Considerable  attention 
has  been  focused  on  this  drug  because  of  its 
apparent  specificity  for  T-lymphocytes  and  its  rela- 
tive nontoxicity  for  nonlymphoid  tissue  and  cells. 

The  roles  of  immunologic  control  mechanisms  in 
determining  corneal  graft  survival  or  rejection  need 
to  be  investigated,  particularly  that  of  suppressor 
lymphocytes  in  the  allograft  rejection  process.  Such 
investigations  could  be  profitable  in  rodents,  whose 
suppressor  lymphocyte  biology  is  well  understood. 
Using  specific  antisera  and  methods  known  to 
expand  suppressor  cell  populations,  it  should  be 
possible  to  determine  the  effects  of  those  cells  on 
the  survival  of  murine  corneal  allografts,  and 
ultimately  to  assess  the  function  of  suppressor 
lymphocytes  in  modulating  corneal  allograft  rejec- 
tion in  man. 

Another  specific  immunologic  control  mechanism 
that  regulates  antibody  production  and  some  aspects 
of  cell-mediated  immune  reactions  is  the  idiotype- 
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anti-idiotype  system.26-28  T-lymphocytes  have  spe- 
cific receptors  for  nonself-alloantigens  present  on 
the  cells  of  allografts.  If  these  T-lymphocytes  could 
be  specifically  eliminated  or  at  least  prevented  from 
recognizing  graft  antigens,  then  the  primary  event 
in  allograft  rejection  would  be  prevented.  This 
system  should  be  studied  in  considerable  detail, 
using  several  strains  of  inbred  rats.  For  example, 
rats  of  one  strain  can  be  immunized  against  their 
own  alloantigen  T-cell  receptors  (autoimmuniza- 
tion)  and  then  tested  for  their  capacity  to  reject 
corneal  allografts.  If  this  form  of  idiotype-specific 
immunosuppression  works  in  the  rodent  cornea 
allograft  system  as  it  has  for  skin  allografts,  the 
procedure  may  become  the  most  specific  therapy 
available   for   ensuring    cornea    allograft    survival. 

Closely  related  to  the  idiotype-anti-idiotype 
system  is  the  blocking  antibody  system  previously 
described  as  being  useful  in  prolonging  corneal 
allograft  survival  in  rabbits. 18  The  blocking  anti- 
body system  should  be  studied  further  in  laboratory 
animals;  it  could  also  be  evaluated  in  a  carefully 
controlled  clinical  study,  since  it  would  pose  only 
minor  risk  to  the  patient. 

Further  investigation  of  the  capacity  of  corneal 
allografts  to  elicit  cytotoxic  serum  antibodies  specif- 
ic for  graft  antigens  is  warranted.  Studies  should  be 
performed  in  inbred  animals,  immunized  with  corne- 
al antigens.  Comparisons  between  control  animals 
and  graft-bearing  animals  having  a  significant  serum 
cytotoxic  antibody  response  should  establish  the 
role  of  cytotoxic  antibodies  in  corneal  allograft 
rejection.  Such  studies  using  homogeneous  (inbred) 
animals  should  answer  several  questions  that  have 
been  addressed  by  clinical  studies  but  have  not  been 
answered  conclusively:  (1)  Do  corneal  allografts 
elicit  a  serum  cytotoxic  antibody  response?  (2)  Does 
antibody  participate  in  the  destruction  of  corneal 
allografts?  (3)  Which  antigens  stimulate  the  humoral 
antibody  response  after  cornea  allografting?  (4) 
How  important  is  the  cytotoxic  antibody  response 
compared  with  the  cell-mediated  (lymphocyte)  re- 
sponse? 

Research  needs  related  to  providing  the  best 
possible  visual  acuity  for  transplant  recipients  fall 
into  four  categories: 

First,  better  instrumentation  must  be  developed 
for  assessing  visual  potential  preoperatively  so  that 
patients  whose  vision  cannot  be  improved  with  a 
successful  transplant  because  of  co-existing  ocular 
abnormalities — specifically,  diseases  of  the  retina  or 
optic  nerve — do  not  receive  corneal  grafts. 29  This 
will  require  the  combined  skills  of  electrophysiolo- 
gists  and  retinal  physiologists. 

Second,  preexisting  ocular  surface  disease  (see 
Chapter  2),  which  threatens  any  successful  corneal 
transplant,  must  be  treated.  Transplantation  of 
healthy  ocular  surface  epithelium  onto  an  eye  with 
poor  epithelium,  or  providing  a  means  of  maintain- 


ing a  moist  ocular  surface,  would  create  an  ocular 
environment  more  likely  to  support  a  corneal 
transplant. 

Third,  the  quality  of  donor  tissue  should  be 
improved.  Many  causes  of  transplant  failure  could 
be  eliminated  by  standardizing  eye  banking  tech- 
niques on  a  national  scale,  and  by  carefully  screen- 
ing donor  tissue  to  select  healthy  endothelia  using 
techniques  such  as  specular  microscopy.  Methods 
should  be  developed  to  test  the  functional  ability  of 
donor  endothelial  cells  prior  to  transplantation,  and 
to  improve  preservation  techniques  to  allow  suffi- 
cient time  for  tissue  typing  while  maintaining  or 
improving  the  health  of  the  endothelium.  Ultimately 
it  should  be  possible  to  transplant  well-defined 
endothelia  (see  Chapter  4).  It  is  also  necessary  to 
understand  the  events  that  stimulate  vascularization 
of  the  donor  cornea  and  discover  how  to  prevent  it. 
Also,  noninvasive  methods  are  needed  to  determine 
when  a  surgical  wound  has  healed  so  that  sutures 
can  be  removed  safely  without  fear  of  a  wound 
dehiscence. 30 

Fourth,  the  postoperative  complications  (includ- 
ing glaucoma),  which  reduce  vision  must  be  elimi- 
nated. '  The  development  of  instruments  to  make 
reproducible  surgical  wounds  would  aid  in  deter- 
mining the  causes  of  high  corneal  astigmatism. 
Instruments  and  techniques  should  be  developed  to 
minimize  astigmatism  after  the  wound  has  healed 
and  sutures  have  been  removed.  Because  the  time 
from  surgery  until  development  of  full  potential 
visual  acuity  is  six  months  to  one  year,  it  is  essential 
to  develop  means  of  decreasing  the  visual  recovery 
period  for  the  post-transplant  patient.  Improved 
surgical  techniques,  special  contact  lenses,  and 
better  understanding  of  the  uses  of  intraocular  lenses 
with  corneal  transplants  should  all  be  of  assistance 
in  improving  the  quality  and  quantity  of  the  image 
presented  to  the  retina. 


RECOMMENDATIONS 

Based  on  the  foregoing  assessment  of  recent  accom- 
plishments, current  activities,  and  research  needs 
and  opportunities  in  "Corneal  Transplantation,"  the 
Panel  has  made  the  following  recommendations 
concerning  research  in  this  area  over  the  next  five 
years.  These  have  been  grouped  under  two  head- 
ings: Program  Base  and  Program  Development 
Priorities. 

The  Program  Base  is  an  area  of  ongoing  research 
in  which  there  may  be  great  need  for  additional 
activity,  but  where,  in  the  Panel's  judgment,  little  or 
no  opportunity  (new  methods  or  insights)  exists  at 
present  to  justify  a  significant  expansion  of  effort. 
Nonetheless,    additional    applications    for    research 
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grants  in  this  area  may  be  funded  if  they  are 
innovative  and  of  very  high  quality  as  determined 
by  the  NIH  peer  review  system. 

Program  Development  Priorities  include  areas  of 
ongoing  research  in  which  new  knowledge  and 
techniques  offer  particular  opportunities  for  scientif- 
ic progress,  or  promising  new  areas  of  research  in 
which  there  is  little  or  no  support  at  present  but 
where  there  is  both  great  need  and  high  potential 
for  success.  Such  areas  are  judged  to  warrant 
significantly  increased  support  over  the  next  five 
years,  provided  that  high  quality  applications  for 
research   grants   in    these   areas    are    forthcoming. 

Program  Base 

■  Develop  functional  biopolymers  for  use  in  the 
cornea,  including  keratoprostheses  and  artificial 
implants  as  alternatives  to  corneal  transplanta- 
tion. 

Program  Development  Priorities 

■  Determine  the  importance  of  histocompatibility 
and  tissue-specific  antigens  in  corneal  transplanta- 
tion. 

■  Amplify  understanding  of  the  allograft  rejection 
by  defining  the  types  of  lymphocytes  involved. 
Investigate  the  potential  of  manipulating  immu- 
nological control  mechanisms  (for  example,  sup- 


pressor lymphocytes)  and  their  role  in  graft 
rejection. 

Develop  and  test  new  drugs  that  have  a  potential 
to  modify  or  eliminate  the  allograft   rejection. 

Evaluate  the  role  of  cytotoxic  antibody  in  corne- 
al graft  rejection  and  the  potential  use  of  block- 
ing and  anti-idiotype  antibodies  to  modify  the 
allograft  rejection. 

Determine  the  mechanisms  of  post-transplant 
complications,  such  as  glaucoma  and  astigmatism. 
Develop  methods  to  control  corneal  contour 
irregularity  after  anterior  segment  surgery  to 
hasten  recovery  of  visual  acuity. 


RESOURCE 
REQUIREMENTS 

After  reviewing  current  research  grant  support  in 
each  of  these  categories  and  assessing  the  need  and 
potential  for  future  development,  the  Panel  has 
estimated  the  number  of  projects  it  believes  are 
needed  to  carry  out  its  recommendations  in  FY 
1983.  These  estimates  are  shown  in  the  following 
table.  For  a  discussion  of  the  general  basis  and 
significance  of  these  projections,  see  the  "Sum- 
mary" at  the  beginning  of  this  report. 
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RESOURCE  TABLE 


B.  CORNEAL  TRANSPLANTATION 


No.  of  Grants 
FY  1981 


Panel  Recommendation  FY  83 


Add.  Grants 


Total  Grants 


Program  Base 

A.  Develop  functional  biopolymers  for  use  in  the  cornea, 
including  keratoprostheses  and  artificial  implants  as 
alternatives  to  corneal  transplantation. 

Program  Development  Priorities 

A.  Determine  the  importance  of  histocompatibility  and 
tissue-specific  antigens  in  corneal  transplantation. 

B.  Amplify  understanding  of  the  allograft  rejection  by 
defining  the  types  of  lymphocytes  involved.  Investigate 
the  potential  of  manipulating  immunological  control 
mechanisms  and  their  role  in  graft  rejection. 

C.  Develop  and  test  drugs  that  have  a  potential  to  modify 
or  eliminate  the  allograft  rejection. 

D.  Evaluate  the  role  of  cytotoxic  antibody  in  corneal  graft 
rejection  and  the  potential  use  of  blocking  and  anti- 
idiotype antibodies  to  modify  allograft  rejection. 

E.  Determine  the  mechanisms  of  post-transplant  complica- 
tions. Develop  methods  to  control  corneal  contour 
irregularity  after  anterior  segment  surgery. 


6 
3 

2 
2 


Subtotal  Grants 
(%  of  Program) 

Total  Estimated  Cost 

11 

(7) 

$1,180,000 

6 
(11) 

$639,000 

17 
(8) 

$1,819,000 

TOTAL         Program  Grants 
(<7o  of  Program) 

Estimated  Cost 

Histocon 

ipatibility 

162 

(100) 

$15,849,000 

53 
(100) 

$7,156,000 

215 
(100) 

$23,005,000 

*  Includes  one  single-center  clinical  trial: 

(HLA)  Antigens  in  Keratoplasty. 
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